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SOME GEOGRAPHIC FEATURES OF SOUTHERN PATA- 
GONIA, WITH A DISCUSSION OF THEIR ORIGIN 


By J. B. Harcuer 


Princeton University 


In the following pages I shall attempt to describe in as clear and 
concise a manner as possible the principal geographic features of that 
part of Patagonia lying beyond the 46th parallel of south latitude 
as they presented themselves to me during my travels in that coun- 
try the past three years while engaged chiefly in paleontologic and 
geologic researches in behalf of Princeton University. I shall also 
give a brief description of the geology of the region as a basis for 
a more extended discussion concerning the agencies which have 
contributed to produce the existing somewhat unusual, not to say 
unique, drainage systems of Patagonia. I shall not attempt an itin- 
erary of my explorations, in the progress of which I crossed and re- 
crossed the southern extension of the continent in many directions, 
nor shall I undertake to describe in detail the geography of any par- 
ticular part of the region. 

The attention of the traveler in Patagonia, if he is endowed with 
aay of the instincts of a naturalist, is first attracted to the long line 
of cliffs that everywhere on the eastern coast rise boldly from the 
sea to a height of from 300 to 500 feet. While still far out at sea 
this is discernible to the experienced eye of the navigator, though to 
the landsman it may appear as a low cloud or fog-bank, to either of 
which illusions its usually unbroken summit and dull gray colors 
freely lend themselves. As the vessel approaches some one of the 
few harbors of this coast, commonly located at the mouths of rivers, 
its true nature soon becomes apparent, and it develops as a great sea 
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wall stretching far away on either hand until lost in the northern 
and southern horizons. This line of bluffs extends throughout the 
entire eastern coast of Patagonia, with but occasional interruptions 
at the mouths of the few rivers that, flowing eastward from the Andes 
across the plains, discharge their waters into the Atlantic. 

The rocks forming the cliffs consist of alternating layers of sand- 
stones and clays, approximately though not entirely horizontal, of a 
prevailing light brown or gray color, and everywhere remarkably free 
from any faults or other disturbances. Although the color and litho- 
logical characters of the rocks are quite similar throughout the entire 
coast line, yet there is a decided difference in their age and origin, 
as shown by the fossils contained in them. Toward the north the 
entire series of strata belong to the Patagonian beds, of Middle Ter- 
tiary age and marine origin, and contain in great abundance the fossil 
remains of oysters, pectins, brachiopods bryozoans, etc., together 
with occasional bones and skulls of whales, dolphins, and other ceta- 
ceans, all bearing unimpeachable evidence as to their marine nature. 

These marine beds attain their maximum development in the 
region of San Julian, where they show a thickness of 900 feet. From 
this point they dip very gently to the southeast, as is demonstrated 
by the fact that the succeeding strata gradually disappear beneath 
the waters of the Atlantic as we proceed southward along the coast. 
So slight, however, is this southerly dip that for more than 100 miles 
only the Patagonian beds are seen in the bluffs; but at a point 
about 40 miles south of the Santa Cruz River a second series of rocks 
of somewhat lighter color and composed of usually softer materials 
appear at the summit conformably overlying the Patagonian beds. 

This second series of strata constitutes the Santa Cruz beds, of 
lacustrine and olian origin. It contains the remains of that rich 
and unique assemblage of fossil birds and mammals concerning the 
age and relations of which there has been such wide discussion. 
Continuing southward along the coast the rocks of the Santa Cruz 
beds dip gently to the southeast, so that in the region of Coy Inlet 
their lowermost strata have reached the water level, while the entire 
series forming the Patagonian beds are here submerged beneath the 
waters of the Atlantic. 

South of Coy Inlet, as far as Cape Fairweather, the bluffs are en- 
tirely composed of the Santa Cruz beds. At Cape Fairweather 
another series of rocks appears at the summit unconformably over- 
lying the Santa Cruz beds and designated as the Cape Fairweather 





XUM 





‘UM 


GEOGRAPHIC FEATURES OF SOUTHERN PATAGONIA 45 


beds. They are of marine origin and contain, in great abundance, 
the remains of marine invertebrates. I should also add that through- 
out the entire extent of this coast the uppermost crest of the bluffs 
is composed of from 20 to 30 feet of unstratified boulders and clays, 
constituting the great Shingle formation of Patagonia, distributed 
somewhat uniformly over almost the entire surface, and of probably 
combined ice and aqueous origin. 

With this hasty survey of the eastern coast line, let us proceed into 
the interior. Ascending the bluff we emerge upon a broad, elevated 
plain, stretching westward to the base of the Andes and abruptly 
terminated on the east, as we have seen, by the lofty escarpments of 
the sea. Its surface, with a thin veneer of soil vainly endeavoring to 
conceal the rocks beneath, is scantily covered with grass. Occasional 
bushes, seldom attaining a height of more than five or six feet, appear 
in specially favored localities. Bands of guanaco, or South American 
camels, and flocks of rheas, the so-called ostrich, feed here in great 
numbers and provide the chief sustenance of the Patagonian traveler, 
as also of the Patagonian Indian. 

Scattered over the surface of the plains in considerable numbers 
are great depressions, or rather excavations, frequently several miles 
in diameter and from 100 to more than 1,000 feet in depth, as ob- 
served in some instances near the base of the Andes. The bottoms 
of these depressions are usually occupied by small saline lakes. In 
periods of drought, which occur annually in this region, usually from 
December to April, the volume of water in such lakes is much re- 
duced by evaporation, and beds of almost pure salt are precipitated, 
occasionally attaining a thickness of several feet. 

An examination of the depressions occupied by such lakes reveals 
the fact that the bluffs on one side arealways much lower than those 
on the other sides, and, further, that the lower side always lies toward 
the present drainage system of the particular region in which the 
lake is situated. All this leads to the inference that these are resid- 
uary lakes, left as confined bodies of water at the final elevation of 
the land above sea-level, and, further, that the depressions are rem- 
nants of former drainage systems, existing prior to the last submer- 
gence, and corresponding approximately, though not entirely, with 
those of today. 

Other features to be noticed are the broad, deep, transverse valleys 
that cross Patagonia from west to east and form the chief drainage 
systems. These are all true valleys of erosion,and along their bot- 
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toms in most cases still flow the streams by which they have been 
eroded ; though in some instances, like the Desire and Coy rivers, 
there are now only intermittent streams, while in the valley of San 
Julian no stream at present ever flows, the waters of the original 
stream having been captured long since at a distance of about 100 
miles from the coast by a northern tributary of the Santa Cruz. ‘The 
latter, considering the volume of its waters, is much the most impor- 
tant of all the rivers of the plains of southern Patagonia. 

Another feature characteristic of these plains is the series of escarp- 
ments, often several hundred feet in height, that terminate a succes- 
sion of terraces, encountered at varying elevations as one proceeds 
from the coast inland westward toward the Andes, or also in crossing 
from north to south any of the great transverse valleys. Such escarp- 
ments have a general trend somewhat parallel with that of the pres- 


ent coast line. but extend inland for many miles along either side of 


the valleys of all the more important watercourses, as do also the 
present bluffs of the sea. They are perhaps remnants of bluffs 
formed along the coast at different stages during the former deprés- 
sion and late elevation of the land, which would appear to have 
been intermittent and of which we have exhibited in the present 
bluffs of the sea the last stage. Between each successive escarpment 
a narrow, level plain extends, gradually increasing in altitude to the 
westward. 

In many places over the plains the sedimentary rocks are covered 
with sheets of lava, which have usually had their origin in local dikes 
or volcanoes. Many of the latter rise high above the surrounding 
plain as imposing landmarks, serving alike to guide the traveler and 
lend variety to a rather monotonous landscape. These lava fields 
are most abundant over the central interior region, midway between 
the Andes and the coast, where they cover thousands of square miles. 
In some instances they present a broad level surface of almost illim- 
itable expanse, covered with highly vesicular scorie, while at other 
times the surface over large areas is carved into a confusing labyrinth 
of deep, almost inaccessible, cafions. In either case they present a 
most serious obstacle to the traveler. 

While these lava beds are most frequent over the central interior 
region, there is an important outlying area near the coast between 
the mouth of the Gallegos River and the eastern entrance to the 
Strait of Magellan, with several extinct volcanoes and resulting 
lava streams, which appear to have been ejected at a comparatively 
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BASALTIC WALL IN CANON OF A TRIBUTARY OF ARROYO GIO — SHOWING FACE DEEPLY DISSECTED BY 
NARROW, PERPENDICULAR CHASMS 


From a photograph by J. B. Hatcher 
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recent date. In some few instances the lavas of the great interior 
region extend westward quite to the base of the Andes, but as a rule 
the surface of the plain for a distance of some 30 to 40 miles eastward 
from the base of the mountains is free from lava. It has either never 
existed there or has been entirely swept away or covered over by 
glacial detritus, as has been observed in some few instances. 

That region lying between the western border of the lava beds and 
the foothills of the Andes is by far the most fertile of the Patagonian 
plains. Its surface, covered to a considerable depth with glacial de- 
posits, presents a series of ranges of low, rounded hills, left as terminal 
moraines by the receding glaciers. Such ranges of hills have a trend 
parallel with the base of the mountains, and are usually separated by 
broad stretches of meadow land, with numerous small glacial lakes, 
either occupying slight depressions in the meadows or, as more fre- 
quently seen, embraced by the low, rounded hillocks of the terminal 
moraines. ‘These conditions are especially characteristic in this region 
over the bottoms and slopes of the great transverse valleys, but they 
extend also in many places out over the surface of the higher pampas: 

The rolling surface of this western plains region, abounding in wide 
pasture lands dotted over with sparkling lakes of pure, sweet water, 
presents a pleasing contrast to the semi-arid region near the coast, 
and affords a welcome relief to the traveler after a journey across the 
black, absolutely barren lava beds of the central plains. Its modest, 
unobtrusive beauty but emphasizes the grander scenery beyond, in- 
dications of which already appear in the distant ranges of the Andes, 
whose summits, buried deep in fields of snow and ice, are seen bril- 
liantly white against the intensely black background formed by the 
storm-clouds of the western sky. 

Entering the confines of the Andes, numerous rivers, deep rocky 
canons, broad open lakes of beautiful clear water, fed by glaciers that 
descend from the snow-fields at the summits, and all the other fea- 
tures characteristic of an intensely rugged, mountainous region, thrust 
themselves upon the attention and excite the wonder and admiration 
of the traveler. 

The country lying along and within the foothills of the Andes 
is in many respects the most interesting region in Patagonia, whether 
considered geographically or geologically. Taking advantage of any 
of the numerous valleys that extend westward from the western 
border of the Patagonian plains and penetrate not only the secondary 
but also the main range of the Andes, finally emptying into the 
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Pacitic, many facts may be observed not only bearing directly upon 
the structural and historical geology of the Andes, but also throwing 
much light on the agencies which have contributed to the peculiar 
topography and determined the unique position of the continental 
watershed at present existing in southern South America. 

I say unique, for I believe it has no parallel elsewhere. ‘That its 
true position was quite unknown and entirely unsuspected, even at 
the beginning of the last decade, is clearly demonstrated by the un- 
fortunate boundary dispute at present existing between Argentina and 
Chile. This dispute, which even within the last year seriously threat- 
ened the peaceful relations of these two South American republics, but 
is now happily approaching a peaceful settlement through friendly 
arbitration, arose from an attempt by joint commissions appointed 
by the two governments to establish and properly mark an interna- 
tional boundary line extending northward from the 52d parallel of 
south latitude. In their work of delimitation these joint commis- 
sions were to be guided by the text of a treaty entered into by the 
two governments in 1881, which stipulated that a line connecting the 
highest peaks of the Andes and dividing the waters of the Atlantic 
from the waters of the Pacific should constitute the international 
boundary line. 

An attempt at a practical application of the conditions of this 
treaty soon demonstrated its impossibility and developed the fact, 
previously unsuspected, that the continental watershed throughout 
the entire extent of Patagonia, excepting only a small area about the 
source of the Santa Cruz River, was not formed by the main range of 
the Cordilleras but lay far to the eastward and in many instances 
extended even beyond the lowermost foothills of the mountains. It 
was clearly impossible, however good the intentions of the respective 
commissions might be, to comply with the conditions imposed upon 
them by a treaty based upon supposed geographical conditions which 
in reality do not exist, for no line can be drawn complying with the 
evident intentions and literal conditions of the treaty. But while the 
joint commissions did little toward tracing the boundary line between 
their respective domains, yet they have done much to increase our 
knowledge of the geography of the interior region of central Pata- 
gonia, which until the last two years remained almost entirely un- 
known. 

The least frequented, and therefore least known, portion of Pata- 
gonia lies between the Santa Cruz River on the south and the 46th 
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parallel on the north, or approximately between the 46th and 50th 
parallels of south latitude. I visited this region in the summer of 
1896 and 1897, accompanied by Mr O. A. Peterson. At that time 
neither the Argentine nor the Chilian commission had entered it, the 
labors of both having been confined to the more easily accessible dis- 
tricts to the north and south. A glance at any of the current maps 
will demonstrate how little indeed was then known of its interior. 
The few travelers who had previously visited it contented themselves 
with a journey up the Santa Cruz River to the lakes about its source, 
or at most with a trip over the old Indian trail leading from the 
mouth of the Santa Cruz River up the River Chico to within about 
60 miles of the base of the Andes, and thence bearing almost due 
north over the plains to the head of the Senguer River and down the 
latter stream to the Chubut, never entering the mountains at any 
point on their journey. The whole was, at the time of my first visit, 
practically an entirely unexplored region, abounding in undiscovered 
and unnamed mountains, lakes, rivers, and glaciers, many of them of 
great size and exceeding beauty. 

In connection with my work it became absolutely necessary to give 
names to some of the geographic features discovered, especially in 
my field-notes. Some of these names I afterwards published with 
sketch maps, showing their location, accompanying preliminary 
papers relating chiefly to the geology of the region. I endeavored as 
much as possible to avoid any attempt at a detailed geography of the 
region, realizing at the time the speedy completion of the infinitely 
more accurate and detailed geographic work of the Argentine Limit 
Commission, in charge of Dr F. P. Moreno, to whom more than to 
any other person we are indebted for all that is at present known of 
the geography of the interior of southern South America. I am 
pleased to see that my expectations have already been partially met 
by the publication in the Geographical Journal of a paper read by Dr 
Moreno before the Royal Geographical Society of London, accom- 
panied by a sketch map giving most of the more important geo- 
graphic features, and promising a larger map with more details in 
the near future. 

I am not only gratified to see that the few names given by me have 
been adopted by Dr Moreno, but [am also confirmed as to the wisdom 
of my forbearance to enter the field of the professional geographer, 
which might very easily have resulted in a confusing synonymy of 


important geographic names. 
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Since Dr Moreno’s paper is doubtless easily accessible, I shall not 
attempt a detailed description of this interesting region, but shall 
briefly discuss the factors which have contributed to produce the 
existing unusual drainage conditions. I am the more easily impelled 
to this course, since some of the theories advanced by Dr Moreno in 
explanation of certain features described by him appear to me un- 
tenable. Atany rate, they are not supported by most of the observa- 
tions made by myself during the past three years. 

A study of the southern Andes at any point reveals the fact that 
they are composed of three distinct, parallel ranges, separated by two 
deep, narrow, longitudinal valleys. The middle of the three ranges 
is everywhere much higher than the two lateral ranges and may be 
reckoned as the principal range of the Andes. The western lateral 
range is at present partially submerged beneath the Pacific, but is 
still distinctly seen in the chain of islands extending all along the 
western coast. The western of the two longitudinal valleys is at 
present throughout the greater extent of Patagonia entirely sub- 
merged beneath the sea and is now represented by the narrow sys- 
tem of rather deep channels that separates the islands from the main 
land and offers an almost continuously navigable inland waterway 
extending from the southernmost point of the Brunswick Peninsula 
to the 42d parallel of south latitude, or throughout more than twelve 
degrees, a distance of over 700 miles. 

The eastern lateral range of the Andes is seen in the foothills that 
rise somewhat abruptly from the eastern plains to a height in places 
of some 6,000 or 7,000 feet. They are composed almost entirely of 
Secondary and Tertiary sedimentary rocks, with occasional layers of 
intrusive basalts, the whole thrown up in a somewhat complicated 
system of folds of usually monoclines or anticlines terminating 
toward the west in a lofty escarpment, the crest of which overlooks 
the deep, narrow, and irregular, eastern longitudinal valley that sep- 
arates the eastern lateral range from the central main range of the 
Andes. In this eastern longitudinal valley there is located a series 
of the most beautiful mountain lakes, extending northward in a 
somewhat broken chain from Lake Argentina, at the head of the 
Santa Cruz River, to the northern limits of Patagonia. At some dis- 
tance to the south of Lake Argentina the bottom of the valley has 
not been sufficiently elevated and it is here occupied, not by fresh- 
water lakes, but by numerous narrow arms of the Pacific, as seen in 
Last Hope Inlet, Obstruction Sound, Skyring and Otway waters, and 
Useless Bay, opposite Sandy Point, in the Strait of Magellan. 
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CANON OF RIO TARDE, FOOTHILLS OF ANDES 


From a photograph by J. B. Hatcher 
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In many places important streams enter this great longitudinal 
valley from the eastern plains and discharge their waters into the 
lakes, which in turn are emptied into the Pacific through rivers inter- 
secting the main range of the Andes. This is true of all the lakes of 
this region, with the one noted exception of Lake Argentina and its 
affluents. The upper courses of the great transverse valleys of Pata- 
gonia are always directly opposite some of the larger of these tributary 
valleys, so that at such places the continental divide is exceedingly low 
and inconspicuous. This condition, together with certain glacial phe- 
nomena, has led Dr Moreno to advance the theory that formerly all 
the lakes now found in the eastern longitudinal valley discharged 
their waters into the Atlantic, and that their diversion to the Pacific 
has been due to the damming of their eastern outlets with glacial 
drift. 

A careful examination of all the facts does not, I think, justify such 
an assumption. I have examined with considerable care several of 
the low continental divides about the eastern extremities of some of 
these lakes, and have never found the original rocks there covered to 
any considerable depth with glacial detritus. The great terminal 
moraines left by the former ice-cap could always be seen crossing the 
transverse valleys some distance to the eastward of the continental 
divide, where I have observed them to have a thickness of more than 
300 feet. as displayed in the bluffs of some of the streams which have 
cut their way through these moraines in their course to the Atlantic. 

A more plausible explanation, it appears to me, is afforded by a 
consideration of the features at present existing throughout Patagonia 
and Tierra del Fuego in connection with a proper understanding of 
the relative land and sea areas that existed there during late Tertiary 
times, with an appreciation of the greater elevation which has taken 
place over northern than over southern Patagonia in recent times. 

From the present distribution of the rocks forming the marine Pata- 
gonian beds we know that during Middle Tertiary times the entire 
southern extremity of the continent excepting the higher peaks of the 
Andes was submerged beneath a shallow sea. That this sea was no- 
where very deep is shown by the character of the fossils, which are 
every where extremely abundant, and all belong to shallow water and 
littoral forms. The accumulation of the 900 feet of rocks now forming 
the Patagonian beds, containing throughout the fossil remains of char- 
acteristic shallow-water forms, can only be explained by assuming 
that this region was undergoing a subsidence sufficiently gradual to 
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just keep pace with the sedimentation going on over the bottom of 


the sea. After a time the rate of subsidence became less rapid or 
ceased entirely, and the shallow sea was gradually converted into a 
series of estuaries, lakes, and dry lands, in and over which were de- 
posited the Santa Cruz beds of lacustrine and eolian origin. Fora 
long period, extending over late Miocene and early Pliocene times, 
this region was elevated above the sea. During this long period of 
late Tertiary elevation the surface of the land was subjected to ero- 
sion, and the courses of all the more important valleys and drainage 
systems now existing were then determined. ‘Toward the close of the 
Pliocene this entire region was again submerged beneath the sea for 
a short period, but sufficient for the deposition of the marine Cape 
‘airweather beds. During this second period of submergence the 
Andes would appear as a long archipelago of high mountainous 
islands. 

At the close of the Pliocene there began over this region a process 
of elevation, which, as has been shown, was much more considerable 
toward the north than in the south. This difference in the amount 
of elevation accomplished in the northern and southern regions has 
determined the presence of the series of fresh-water lakes now found 
in the north in the same relative positions that. are occupied farther 
south by the fiords and inlets from the Pacific. I have obtained ab- 
solute proof that this elevation in the north along the Andes has not 
been less than 5,000 feet, and that it has been much greater in the 
north than in the south and far greater along the Andes than over 
the plains. 

As this elevation proceeded, each of the transverse valleys, which, 
as we have already remarked, had their origin previous to the last 
submergence, would appear successively first as straits connecting the 
two oceans, and next as valleys, with deep bays along the coast. The 
Strait of Magellan is the last or most southerly of these great trans- 
verse valleys, and still exists as a strait connecting the two oceans. 

Turning now to the eastern longitudinal valley, it will be seen that 
as the elevation progressed it would at first be broken up into a series 
of fiords and inlets toward the north still communicating with the 
Pacific through the deeper channels intersecting the main range of 
the Andes. In time such communications would be severed and the 
heads and arms of the fiords would be left as lakes to discharge their 
waters into the Pacific by the last and deepest of the connecting chan- 
nels. We have thus represented between the Strait of Magellan and 
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Lake Argentina every stage in the development of the present lake 
systems of the southern Andes. 

A glance at one of Fitzroy’s charts of the Magellan Strait instantly 
reveals the fact that it is much deeper in its western than in its eastern 
course. In fact, it is extremely shallow throughout its entire course 
from Useless Bay eastward to Cape Virgin, and only a comparatively 
slight elevation would here suffice to bring its bottom above sea-level 
and convert it into a valley connecting Tierra del Fuego with the 
mainland, and changing Useless Bay first into a fiord, and later into a 
lake as the elevation increased, sending its waters to the Pacific by 
way of the much deeper western channels of the straits. 

The same conditions that exist today in the Strait of Magellan have 
existed at some previous time over all the great transverse valleys of 
Patagonia, and an elevation similar to that which has taken place 
more to the northward would produce conditions along the course of 
this strait identical with those now existing farther north. So also 
an elevation of the region south of Lake Argentina similar to that 
which has taken place north of this lake would convert Last Hope 
Inlet, Obstruction Sound, Skyring Water, and Otway Water from 
marine fiords connecting directly with the Pacific into a series of 
fresh-water lakes discharging their waters into the same ocean. 

At present Otway Water is separated from Cabeza del Mar, a small 
bay extending inland from the eastern extension of the Magellan 
Strait, by a narrow neck of land only eight miles in width, and with 
a maximum altitude of perhaps less than 100 feet. Notwithstanding 
this low altitude, the low bluffs extending along the heads of both of 
these bays are largely composed of sedimentary rocks covered over 
with only a thin layer of glacial detritus, proving conclusively that 
the former connection that doubtless existed between these two bodies 
of water has been broken not by a damming up by glacial materials, 
but by an elevation sufficient to bring the sedimentary rocks at the 
bottom above the water level. 

From the observations and conditions already referred to, and 
many other facts bearing directly upon these questions, I believe that 
the longitudinal valleys separating the main range from the two lat- 
eral ranges of the Andes, and also the great transverse valleys cross- 
ing Patagonia from east to west, had their origin previous to the last 
submergence, which took place over this region in late Pliocene times 
and continued only for a relatively short period. This submergence 
was greater over the western than over the eastern Andes, thus ren- 
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dering the western channels much deeper than the eastern. Toward 
the close of the Pliocene there began over this region a process of 
elevation, which, though general over the entire region, was greatest 
along a line approximating that of the axis of the eastern lateral range 
of the Andes, and was also greater over northern than over southern 
Patagonia. As the elevation proceeded the general surface of the 
land would be brought above water level, while the longitudinal and 
transverse valleys would remain submerged and appear respectively 
as channels from the Pacific and as straits connecting the two oceans. 
This condition may be termed the first stage in the process of eleva- 
tion and is now seen in the Magellan Strait. 

After a time a second stage would be reached, in which the trans- 
verse valleys would no longer appear as straits, but as land valleys, 
while the channel of the eastern longitudinal valley would be broken 
up into a series of fiords extending inland from the continuous chan- 
nels of the deeper western longitudinal valley. This second stage is 
now seen in the region lying between the Strait of Magellan on the 
south and Lake Argentina on the north. 

A third stage appears when the amount of elevation accomplished 
is sufficient to sever the connection existing between the east and west 
longitudinal valleys and reduce the fiords entering the eastern valley 
to a series of lakes discharging their waters by rivers into the chan- 
nels of the western valley, still submerged beneath the sea. This 
third stage is seen in the region north of Lake Argentina, while a 
fourth stage, in which the bottom of the western longitudinal valley 
is brought above water level, appears in extreme northern Patagonia 
and the region to the northward, where it embraces the principal 
agricultural lands of Chile. 


KITE WORK OF THE WEATHER BUREAU * 
By H.C. FRANKENFIELD, 
U.S. Weather Bureau 
As early as the year 1895, Prof. Willis L. Moore, Chief of the U.S. 
Weather Bureau, determined to undertake at the earliest practicable 


moment a study of the meteorological conditions existing in the free 
air over the United States, the data to be obtained from automatically 
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recording instruments attached to kites. Independent observations 
at single stations had been made previously by private individuals, 
notably those under the direction of Mr A. L. Rotch at Blue Hill 
Observatory, Mass.; but observations from a single station, while ex- 
tremely valuable in themselves, are useless when comparative results 
are sought. It was the hope of the Chief of the Weather Bureau in 
establishing a chain of kite stations that it would be possible to con- 
struct daily synchronous charts of pressure, temperature, and wind 
velocity from the data thus obtained for different elevations up to at 
least 5,000 feet, and that from a study of these charts a marked ad- 
vance could be made in the present system of weather forecasting. 
An immense amount of time, labor, and experimentation was neces- 


sary before the kite apparatus could be brought to a high state of 


efficiency, the observers properly instructed, and the stations estab- 
lished, and it was not until the spring of the year 1898 that the work 
was fairly launched. In all seventeen stations were established, 
mostly in the great river valleys and the Upper Lake region. 

The standard kite used was constructed largely after the Hargrave 
model, with various improvements suggested by actual trial and ex- 
periment. Atsome stations the kite contained 68 square feet of surface, 
at others a smaller kite of 45 square feet was used, and at still others 
a slightly larger one of 72 square feet of surface was occasionally used. 

The meteorograph, an instrument for recording automatically the 
pressure, temperature, and relative humidity of the air, was devised 
by Prof. C. F. Marvin of the Weather Bureau. The mechanisms were 
inclosed in a light aluminum case, the whole being suspended within 
the framework of the kite. 

It was soon discovered that the hope of a daily synchronous chart 
of the conditions existing at high altitudes could not be realized. On 
many days ascensions were impossible, owing to the absence of suffi- 
cient wind to sustain the kites. Neither could they be flown in stormy 
weather. 
of ascensions which would have been possible had wind and weather 
conditions been favorable. The percentage varied from 75 at Dodge 
City, Kans., to 12 at Knoxville, Tenn. When by chance ascensions 
were made at a majority of the stations on any one day, varying wind 
conditions necessitated their being made at different hours, thereby 


*Summarized from Vertical Gradients of Temperature, Pressure, and Wind Direction : 
Weather Bureau Bulletin F, U. S. Department of Agriculture. 





There were made only 46 per cent of the total number 
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destroying the synchronism of the observations, without which aérial 
observations would be of little assistance to the forecaster in his work. 

However disappointing the results obtained may have been when 
viewed from the standpoint of weather forecasting, they were very 
far from being so from another. An immense amount of data was 
obtained from the 1,217 ascensions and 3,835 observations, particu- 
larly in reference to temperature variations with increase of altitude, 
and it is believed that our previous knowledge of this subject has been 
materially increased. 

Briefly summarized, the results of the observations were as follows: 

There were considered in all 3,835 observations, of which 603 were 
at 1,000 feet elevation, 906 at 1,500 feet, 928 at 2,000 feet, 746 at 3,000 
feet, 423 at 4,000 feet, 182 at 5,000 feet, 38 at 6,000 feet, 7 at 7,000 feet, 
and 2 at 8,000 feet. Of the two at 8,000 feet, one was obtained at 
Washington, D. C., and the other at Dodge City, Kans. In the Mis- 
sissippi Basin, except on the slope of the Rocky Mountains, high 
ascensions were impossible, as the average wind velocity was but six 
miles or less per hour. 

The mean rate of diminution of temperature, with increase of alti- 
tude, was found to be 5 degrees for each 1,000 feet, or only 0.4 degree 
less than the true adiabatic rate. This is strictly a mean value, ob- 
tained from observations taken at all elevations from 1,000 to 8,000 feet, 
and under varying conditions of weather and at different hours. 

The largest gradient, 7.4 degrees per 1,000 feet, was found up to 
1,000 feet, and thence up to 5,000 feet there was a steady decrease to 
3.8 degrees, the rate of decrease varying inversely with the altitude. 
Above 5,000 feet there was a tendency toward a slow rise in'the gra- 
dient, but the lack of a sufficient number of observations above 6,000 
feet prevents a positive assertion to this effect. The morning gra- 
dients were also greatest up to 1,000 feet, and least up to 5,000 feet, 
and the rate of decrease was about the same as that of the mean, the 
curves showing a very close agreement in this respect. The average 
morning gradient was 4.8 degrees per 1,000 feet. 

The afternoon gradients were larger, but not decidedly so, the aver- 
age value being 5.8 degrees per 1,000 feet. The greatest rate of de- 
crease is still found at 1,000 feet, and the least up to 5,000 feet, if the 
few observations at 7,000 feet are not given equal weight. 

The morning, afternoon, and mean gradients for the different ele- 
vations from 1,000 to 8,000 feet are given in the following table: 
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Decrease of Temperature for Each Respective 1,000 Keet of Altitude 


1,000 | 1,500 , 2,000 | 3,000 | 4,000 , 5,000 | 6,000 | 7,000 | 8,000 Mean 
- 4 4 ; ; ; . ean, 
feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | feet. | © 





Cc °o oO ° Cc ° c « °o °o 
Morning. 7.2 5 4.8 4.0 3.7 3.7 3.9 3.4 3.0 4.8 
Afternoon 7.6 6.4 6.0 5.5 1.9 4.3 1.5 3.5 1.9 AS 
DUSTIN 3S Cac ooh gis sassers vonssessaasarceksceuee 7.4 5.8 5.2 1.4 4.0) 3.8 4.1 3.4 1.0 0 


A grouping of the stations according to their geographical locations 
disclosed the fact that the mean rate of temperature decrease with 
increase of altitude was much greater in the central Mississippi water- 
shed than in the Upper Lake region, the central West, or the extreme 
East as represented by the single station at Washington. In the 
afternoon, however, the differences were very small, the maximum 
being only 0.7 degree per thousand feet. 

The morning, afternoon, and mean results for the various districts 


are shown in the following table: 


Gradient per Thousand Fret 


District. Morning. | Afternoon. Mean, 
© ¢ 
MTR ENE SONI Gio i 5 ckcdink veh soind pans deensbedpeecpanneuassbasseidesacaresuesncauses 4 6.0 3.6 
Central Mississippi Watersned.... .........<cscccsccssc.ccossescnssveccscess 5.8 6.1 5.8 
SJEMSOE LENCO PUM TOM  scccnennissctcnseovecenseesthonnstsctossatetsces, v.cecss ‘ 4.5 5.4 4.6 
RPORROOT WORE sccovcensccsceoces endesed causes nnocusacbebsouksscustecudelattvceansins 4.55 6 4.7 


It will be at once remarked that there is a very close agreement 
between the means for the Upper Lake region, those for the central 
West, and the grand mean of 5.0 degrees, as well as a marked defi- 
ciency on the Atlantic Coast, amounting to 1.4 degrees per thousand 
feet. 

Negative gradients of temperature, or ‘‘ inversions,” were quite fre- 
quent during the morning hours ata number of the stations, and they, 
of course, bear a direct relation to the amount of cloudiness and the 
velocity of the wind. At Washington on June 21,1898, the tempera- 
ture at an elevation of 866 feet was 14 degrees higher than at the sur- 
face, and 10 degrees higher at 1,700 feet. At Dodge City, Kans., on 
October 23, 1898, there was an inversion of more than 11 degrees at 
an altitude of over 5,000 feet. As arule, however, the amount of in- 
version was less at Dodge City than at Washington on account of the 
prevailing higher winds at the former place. 
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The central fact of importance which the study of inversions de- 
veloped was that they were most pronounced with the radiation of 
relatively warm southeast to southwest winds, the marked cold at the 
surface and the higher warm air presenting a marked contrast, which 
was not so apparent when the upper air blew from a colder northerly 
direction. 

Inversions were sometimes caused by cloud formation in the early 
morning. Below the clouds there would be little or no temperature 
change, while above there would be an increase on account of the di- 
rect action of the sun’s rays. On October 1, 1898,a marked case of 
this character occurred at Dodge City, there being a rise in tempera- 
ture of 11.5 degrees within a few minutes after the kite emerged from 
the upper surface of the clouds. 

The most remarkable instances of inversion were found at Duluth, 
Minn. Nearly one-half of them occurred in the late morning and 
early afternoon, during cloudy weather, and were due to the easterly 
surface winds from Lake Superior, the warming effect of these winds 
being sensible at times to the height of nearly 6,000 feet. During 
these inversions the direction of the upper air current would be almost 
or entirely diametrically opposite to that atthe surface. On June 3, 
1898, there was an inversion of 2 degrees atan elevation of 5,372 feet, 
and on September 20, 1898, one of 1 degree at an elevation of 5,714 
feet. 

The effect of the presence of clouds upon the temperature gradient 
was quite uniform, though not at all times decided. In a great ma- 
jority of instances there was a decrease in the rate of temperature 
fall, frequently amounting to a complete arrest, and less frequently to 
an inversion. After the kite emerged from the clouds the rate of 
temperature change would be diminished. 

In a number of instances the clouds appeared to have no effect 
whatever, and in a few rare ones there was a fall in the temperature 
as the kite came in contact with the clouds. 

As a rule, the temperature gradients were greater in clear than in 
cloudy weather, although exceptions were quite numerous. 

The relative humidities at and above the surface of the earth dif- 
fered but little, and, except at 2,000 and 8,000 feet, the upper air per- 
centages were the lower. The mean results obtained from all the 
observations were 609 per cent at the surface and 58 per cent above, a 
difference of 2 per cent. There were, however, some marked differ- 
ences at individual stations, viz., Washington, 14 per cent; Omaha, 
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Nebr., 29 per cent; Springfield, I11., 21 per cent, and Fort Smith, Ark., 
12 per cent, the surface humidity being the higher, except at Fort 
Smith. At thirteen out of the entire seventeen stations the differ- 
ence did not exceed 10 per cent, and at nine stations it was 5 per 
cent or less. 

For obvious reasons, as the altitude increased, the relative humid- 
ity decreased whenever the winds were from north to west, particu- 
larly from the northwest, and increased with winds from east to 
south, particularly with those from the east. When the kite was in 
or near clouds, the humidity would almost invariably rise, falling 
again when the kite was freed from cloud influence. 

Vapor pressures were expressed in percentages obtained by the 


. - % 3 ° ° : 
formula , “»” representing the vapor pressure at any given altitude 
y) 


and “p’” that observed simultaneously at the earth’s surface. The 
mean thus obtained was 59 per cent, and there was a steady, though 
by no means uniform, decrease with increase of altitude. The per- 
centage at 1,500 feet was 82 and at 8,000 feet 44. The decrease was 
most rapid between 2,000 and 5,000 feet, where it averaged 9 per cent 
for each 1,000 feet. The lowest percentage, 52, was found at Omaha, 
Nebr., and the highest, 77, at Pierre, S. Dak. 

A comparative statement of kite, balloon, and mountain observa- 
tions is given below. In determining these results the records of 
1,125 kite ascensions were used. ‘There were 4 balloon ascensions by 
Hammon and 2 by Hazen. It is not known how many observations 


were made by Hann. 
Diminution of Vapor Pressure with Altitude 


Value of r for each respective 1,000 feet of altitude 


p 
| 

. . 1.500 2.000 > 3.000 4,000 5.000. 6.000 | 7.000 | 8.000 Mean 

( aracter bservat Ss. J “, a : ’ ’ ty | E 
haracter of observation feet. | feet. | feet. feet. | feet. | feet. | feet. | feet. | feet. 

? fe ‘x - sis 
PE AGH heshbasiscnnetiiscses secuav ine sesecesssesececsees] O82 | 0.78 | 0.70 | 0.61 | 0.52 | 0.49 | 0.389 | 0.44 0.59 
SIA NGHRIE CREMMIISTSEOTN) cos once cduccectenss sicoors 0.96 | 0.96 | 0.87 | 0.68 | 0.44 | 0.59 |......... lednsbesat 0.75 
BITTON CETABON ) ccciscccscccccccccssesccccssccecee] GOD | GSS | O80 | O78 | 067 | O48 1 O68 Mocccccsss 0.70 
Jalloon (Hann )...............sscsscseeesseeeeesee| 0.84 | 0.80 | 0.66 | 0.61 | 0.60] 0.54] 0.41 | 0.37 0.60 
NIGGER TD 0 RUNTRIE Diasncs acnenccnsnes covcse contetans 0.83 | 0.81 | 0.80 | 0.66 | 0.61 | 0.58 | 0.55 | 0.47 0.66 


Differences in wind direction were indicated by the changes in the 
azimuths of the kites. These showed that, as an almost unvarying 
rule, the general directions above and at the surface were practi- 
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cally the same, the differences being confined to a deflection toward 
the right at the kite. This deflection frequently increased with the 
altitude, but rarely exceeded 90 degrees. In some few instances the 
kite was deflected toward the left, but not to any great extent. When 
the deflection was toward the left, the wind velocity decreased with 
increase of altitude, as shown by the diminished pull on the kite wire. 
As a matter of interesting coincidence, and without intention of en- 
deavoring to establish a direct relation of cause and effect between 
the two, it may also be stated that these deflections toward the left 
were quite frequently followed by thunderstorms within a few hours. 

At Duluth, Minn., there were occasionally wide divergencies of the 
kite toward the left, due to the northeast wind from Lake Superior. 
This northeast wind was very often purely local, attributable entirely 
to the influence of the lake, and corresponding in a minor way to the 
sea breezes of the ocean shores. It developed upon investigation that 
these local currents were sometimes not more than 700 or 800 feet in 
depth, and rarely more than 2,000 feet. 

Hammon * and McAdie recorded a somewhat similar experience 
with the westerly surface winds at San Francisco during their kite 
experiments in 1896, and in his paper on the subject Mr Hammon 
concluded that the strong westerly surface wind which prevails on the 
Pacific Coast nearly every afternoon has a depth of only 800 to 2,500 
feet. 

An extension of the aérial observations to other seacoasts would 
doubtless prove conclusively that the diurnal sea breezes are extremely 
shallow. 

After November, 1898, all kite stations were closed except that at 
Pierre, 8. Dak., where ascensions were made whenever possible dur- 
ing the year 1899, and still continue. No extended study of the ob- 
servations made during this time has as yet been made, but a cursory 
examination of the winter temperature records discloses a condition 
of affairs radically different from that whiich prevails during the re- 
maining seasons of the year. The inversions are very frequent and 
decidedly marked. Indeed they are so persistent during the colder 
weather as to lead to the inevitable conclusion that during a cold 
wave the belt of cold air is not much over one mile in height, and 
often but little over half a mile. 

On several days it was also noticed that there were at least three 
Francisco, Cal., by W. H. Hammon, forecast official. 


* Experiments with Kites at San 
Monthly Weather Review, August, 1896. 
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distinct air strata within very narrow vertical limits: a lower cold 
one extending upward about 1,500 feet; a warmer one extending to 
between 2,500 and 3,000 feet, and then a second cold one of unknown 
extent. 

The entire subject of aérial investigation offers a very attractive 
field to the student. The work has just begun, and future investiga- 
tors must certainly bring to light many truths, now concealed, which 
will prove of the utmost interest and value to themselves, the cause 


of science, and the world at large. 


PRACTICAL EXERCISES IN GEOGRAPHY 


By W. M. Davis, 


Prof ssor of Physical Gi ography in Harvard Onin rsity 


The graduate of a high-school course in physical geography cannot 
be expected to have reached the stage of independent and original in- 
vestigation in new fields unless he possesses unusual mental capacitys 
but he ought certainly to be able to recognize the outdoor occurrence 
of things similar to those that he has studied in school. This would 
be difficult if he had studied only a book, even if its text gave good 
presentation of names, definitions, descriptions, and explanations, 
supplemented by pictures and maps. It is probably for this reason 
that we find today an essential unanimity regarding the addition of 
practical exercises in some form to the lessons in physical geography 
based on a text. The reports made by the several committees of the 
National Educational Association—the Committee of Ten (1893), 
Committee of Fifteen (189-), and the Committee on College Entrance 
Requirements (1899)—all emphasize the importance of observational 
exercises in field and laboratory; and many progressive schools in 
which courses of high-school grade in physical geography are given 
today are doing their best to solve the difficult problems that arise 
when the attempt is made to put these recommendations into prac- 
tice. 

Altitude of Teachers.—The advantages that come from well-planned 
field and laboratory exercises in physical geography are so great that 
the difficulties in theirway must be overcome in one way or another. 


Fortunately there is today no more effective aid toward this end 
than the desire of the teachers themselves to gain it. This is mani- 
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fested in many healthy ways. ‘There is the frank recognition by the 
teachers of deficiencies in their preparation; there are strong efforts 
to make up the deficiencies by outside study or by attending sum- 
mer courses in which laboratory work and field excursions are in- 
cluded, and I may say that no classes that I have ever had have 
shown a better spirit than those composed chiefly of school teachers 
in the summer vacations. Superintendents and principals manifest 
the same interest in progress by devoting specially assigned space in 
new school buildings to work of this kind, by making inquiry as to 
the necessary outfit, and by planning schedules in which hours for 
outdoor work have due consideration. Educational journals reflect 
the general interest in the practical aspects of geography by publish- 
ing a good number of articles that are devoted to this branch of the 
subject ; the Journal of School Geography, for example, in the thirty 
numbers issued for 1897, 1898, and 1899, contains many articles bear- 
ing on field and laboratory methods, some of them being prepared 
by the editors in direct response to questions from the subscribers. 
Relation of Practical Exercises to Text Book.—It is desirable that the 
practical work of a course on physical geography in the high school 
should be closely parallel with the book work, for the reason that the 
main outline of the subject is best presented definitely and specific- 
ally in printed form; but it must be recognized that many obstacles 
stand in the way of the easy attainment of this ideal. In the first 
place, exercises on certain subjects must be very deliberately carried 
on, requiring even a whole school year for their proper inductive de- 
velopment. These must either anticipate the high-school course or 
they must advance independently of the text in which their equiva- 
lent is stated in printed form, The study of the weather finds some 
of its best applications in observation of storms and other special con- 
ditions at the time of their occurrence. These must be taken up in 
the order of their happening, and reference must then be made for- 
ward or back to their systematic treatment. Our climate is such that 
the open field season comes in the fall and spring, while many topics 
under the important heading of land forms will often be taught from 
the book in the winter, when field work is difficult or impossible. 
Indeed, even in fall and spring, an excursion, well planned to illus- 
trate the text in hand at the moment, may have to be postponed on 
account of bad weather, thus disorganizing our best intentions. It 
is true that laboratory work may often supplement or replace field 
work, but not sufficiently to smooth out all the difficulties noted 
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above. Simple parallelism between text and practical exercises is 
therefore out of the question, and we must be content if some 
effective correlation between the two is gained instead. In order to 
give specific indication of the character of various practical exercises 
and of the correlations that may be established between such exer- 
cises and book work, let me open the subject with some examples 
appropriate to the study of that interesting chapter of physical 
geography which is often given a forbidding appearance under the 
name of * mathematical geography.” 

The Earth as a Globe.—It is seldom that justice is done to the op- 
portunity of practical work under the heading of the earth as a globe. 
The difficulties that stand in the way of various observational exer- 
cises may certainly be overcome if their accomplishment rather than 
the maintenance of a set order of school periods is made the object 
in view. Many series of observations that cannot and need not be 
made by a whole class may be made by scholars singly or in pairs ; 
the avoidance of such exercises, because of the disorder that they may 
create, does not speak well for the discipline or for the spirit of the 
school. Several of these exercises are best performed under the name 
of nature study in lower grades than the high school; they are men- 
tioned here because if, as is too often the case, they have not been 
performed in their proper place they should be given place in the 
high school; but it is manifest that such a plan disarranges the high- 
school course in physical geography and retards the attainment of the 
grade that it deserves. 

Shape of the Eurth—The only observational proof of the globular 
shape of the earth that is within the reach of young scholars is offered 
at the time of an eclipse of the moon. Such an opportunity should not 
be lost sight of. The edge of the earth’s shadow always having a 
curved outline, the earth must be round, as Aristotle perceived four 
centuries before the Christian era. The time-honored proof afforded 
by the gradual disappearance of ships at sea is available only at the 
sea-shore ; it is interesting to note that this proof was first men- 
tioned by Strabo. Accepting the globular form as a fact, the horizon 
plane, touching the earth’s surface at the observer’s station, extends 
indefinitely on all sides; the visible sky lying above, the invisible sky 
lying below the plane. As long as the earth is thought of as a large 
body in comparison to the dimensions of the sky vault, it will prob- 


ably be more or less consciously believed that the smaller half of the 
sky is above and the larger part is below the horizon of an observer. 
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But when the earth is stated to be very small in comparison to the 
distance to the stars, the two parts of the sky separated by a horizon 
plane will be recognized as equal. The horizon planes of observers 
at different points on the earth will cut the sky into different halves, 
as may be shown by the aid of a hand globe. The uneven border of 
the sky against hills should be called the sky-line, not the horizon. 
All this is as much astronomy as geography ; but it is all essential to 
the clear understanding of matters that are constantly taught in geog- 
raphy, such as latitude and the seasons; no safe entrance into such 
matters can be made without careful attention to fundamental con- 
cepts. 

The discovery, attributed to Eudoxus, that an observer, traveling 
north or south, sees that stars change their position with respect to 
his horizon, will be considered in connection with measures of the 
size of the earth further on. 

The causes and consequences of the earth’s shape are better pre- 
sented in the text than in practical exercises. Among the consequences 
are the essentially uniform value of gravity at all points on the earth’s 
surface, and the absence of immense ascents and descents that must 
occur on an earth of any other shape. The nearly globular form of 
the actual earth has been of enormous importance during long past 
ages in facilitating the migration of plants and animals from one 
region to another, and in recent centuries in permitting the migrations 
of mankind and the development of commerce. 

Rotation.—The vague ideas in the minds of adults regarding the 
earth as a rotating globe suggest that no good ground was provided 
in their school days for a correct understanding of this fundamental 
problem. The problem pertains equally to geography and to astron- 
omy; but as it should be encountered before these two subjects are 
differentiated, it is naturally classified under the first and more usual 
school subject. Very simple apparatus suffices. A pointer, pivoted 
at one end and sighted at the sun at different hours through the day, 
enables a voung observer to gain a definite idea of the sun’s (apparent) 
daily movement across the sky. (Actual sighting at the sun is not 
necessary ; when the pointer is held so that its shadow is no larger than 
its cross-section, it is properly directed.) Record of successive obser- 
vations may be made by setting up stakes so that their tops shall just 
touch the end of the pointer in the successive sights at the sun. On 
the following day the sun may be seen again in the earliest position 
observed on the first day, the period thus measured being a natural 
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unit of time which civilized nations divide into 24 hours. It is im- 
portant to notice that the sun’s return to its original position has not 
been accomplished by going backward, but by continuous motion as 
if in a circuit. The idea of rotation is thus clearly presented in spite 
of the fact that much of the sun’s diurnal path is out of sight. It 
should not be understood that these observations give school children 
their first knowledge of the movement of the sun in the sky ; that 
they have long known. But the vagueness of ordinary knowledge 
on this point is now advanced to well defined knowledge, and this is 
an important step. 

Regularity in the movement of rotation is easily shown by making 
observations at regular intervals of one or two hours and noting that 
equal angles are moved over by the pointer, or that equal arcs are 
measured between the stake tops in equal time intervals. It is, I 
believe, well understood by teachers today that no preparatory study 
of formal geometry is needed as a basis for inspectional geometry of 
this kind. A little more advanced treatment is given by making 
observations at irregular periods, noting the time intervals between 
them, and proving by a continued proportion that angles and times 
bear a constant ratio. The angle of complete rotation (860°) will be 
found to bear the same ratio to the time of a complete rotation (24 
hours) as that which obtains between partial angles and times ; hence 
the movement of the sun while it is beneath the horizon must be at the 
same angular velocity as while it is within reach of observation above 
the horizon. Day-time observations of the old moon (about third 
quarter) and evening observations of stars at home may be used to 
extend the results gained from the observations of the sun. If the 
moon is studied, the teacher should be prepared to explain the 
questions that may rise if the difference in length of solar and lunar 
days is detected. The chief point to be determined by star observa- 
tion is that a star must make a circuit of the sky in about 24 hours, 
because on the second evening it comes from the eastward to the 
position from which it departed with a westward motion the night 
before—an elementary matter truly, but one which is less clearly 
known to many civilized adults than it was to their barbarous an- 


cestors. 

Axis and Meridians.—<As a result of these observations it is recog- 
nized that “something ” must turn. Whether it is the earth or the 
sky that turns need not be decided at once, if the teacher has the 
patience to let this archaic problem really take possession of the 
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pupils’ minds. In either case, the fact of turning demands an axis on 
which the turning shall take place, and if the pupils have any serious 
difficulty in discovering and stating the attitude of the axis the teacher 
may be sure that the difficulty lies chiefly in the form of her ques- 
tions, for the problem is essentially easy to living boys and girls, how- 
ever difficult it may seem when clothed in words to which they are 
not accustomed. When the “slanting” attitude of the axis of turn- 
ing is clearly recognized, all problems of size, latitude, and longitude 
are greatly simplified. By whatever short-cut the teacher presents 
the conclusion that the earth and not the sky really turns, the axis 
must be conceived as passing through the earth’s center, and as de- 
fining two significant points, the poles, where it ‘comes out.” The 
discovery of the north pole of thesky near the North star (really more 
than two moon diameters from it toward the end of the Dipper 
handle) leads to a clearer understanding of the diurnal paths of the 
stars in smaller or larger circles. 

The shadow cast by a vertical pole on level ground by the midday 
sun shows us the direction in which one must travel to reach the 
North Pole. The prolongation of this line around the earth gives a 
meridian circle. The meridians are standard lines of direction. The 
equator is the great circle that cuts all the meridians in halves, mid- 
way between the poles. A series of meridians drawn at equal dis- 
tances apart at the equator divide the earth into equal areas, con- 
veniently arranged for measuring the relative easting or westing of 
places. A small hand globe may be appealed to in this connection, 
but constant reference should be made to “ outdoors ” as a part of the 
real earth on whose surface the imaginary circles are to be traced, 
“ There”? on ahand globe is not so useful as “ there,” pointing out 
the window toward the equator. The latter may arouse a live sense 
of directions, always useful in self-orientation, whatever is one’s path 
in life; the former may leave the subject an unreality. 

Latitude.—The determination of loeal solar time and of magnetic 
variation may be introduced in this connection, but more important 
is the estimation of one’s position on the earth’s surface with respect 
to the pole and equator. No mention of the term “ latitude ” need be 
made till this question is solved. It may be solved even in the gram- 
mar school by means of the sun-circle, marked out by stake tops, as 
above described. First, some general considerations. To an ob- 
server at the pole the sun or the stars would travel around the sky 
once a day, in circles parallel to the horizon. The position of the 
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star circles remains fixed wherever the observer goes and however 
much his horizon changes from the position that it had at the pole. 
As the observer moves along any meridian toward the equator his 
horizon must progressively tilt from the position that it had at the 
pole; and the amount of tilting may be measured by the angle be- 
tween the tilted horizon and any one of the star or sun circles. This 
is, in essence, the method of Eudoxus, already referred to. A third 
way from pole to equator the angle would be 30°; half way, 45° ; 
two-thirds way, 60° ; at the equator, 90°. The rotation of the earth 
is thus of great assistance in determining the relative positions of 
places. Bearing these principles in mind, let the sun-circle be de- 
termined and represented by a series of stakes in a school yard, as in 
figure 1. Stand about 30 feet to one side of the stakes, in such a posi- 
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tion that the tops of all of them fall into a slanting, straight line when 
the observer’s head is lowered to the height of the highest stake ; 
estimate or measure the angle, CAD, by which the horizon is de- 
pressed beneath this slanting line*; and as the angle thus deter- 
mined is to 90°, so is the distance from the pole (measured along a 
meridian from the pole to the observer) to the entire quadrant of the 
meridian from pole to equator. Latitude is counted from the equator 
toward the pole; it will therefore be the complement of the angle 
just measured. It should be noted that latitude may be thus de- 
termined at any time of year and without knowledge of the sun’s 
angular distance from the sky equator (declination). 

* The pivot does not lie in the plane of the sun-circle, and the slanting line does not measure 
the sun’s noon altitude, except at the equinoxes. The noon altitude of the sun varies through 
the year, but the slanting line (the slant of the plane of the sun-circle) is constant through the 
year, whatever the declination of the sun. In all this method of determining latitude it is 


assumed that the motion of the sun in declination in a single day will not be detected by the 
rough methods of record here employed. 
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An interesting feature of this elementary method of latitude de- 
termination is its novelty to many teachers. It involves nothing 
that grammar-school pupils who have learned by seeing and think- 
ing, not by recitation, cannot easily apprehend if they are gradually 
led up to it by a well graded flight of steps; the steps are not diffi- 
cult and the flight is not long. The fear that they are so, on account 
of which many a teacher dreads to introduce fundamental work of 
this kind into her teaching, only goes to show the obscurity and con- 
fusion in which the chapter on so-called ‘‘ mathematical geography ” 
is often enveloped. Leave out this forbidding name, teach slowly 
on the basis of gradually accumulated observations, and the imagined 
difticulties will disappear. 

The determination of latitude by the altitude of the Pole star should 
always be preceded by a proof that the star is close to the pole; but 
even then the sun-circle method is to be preferred as being possible 
in the daytime. The measurement of latitude involving the sun’s 
declination should not be introduced until the movement of the sun 
in declination has been followed and its greatest northing and south- 
ing measured by a simple method given below. 

Size of the Earth.—Nothing has yet been said of the size of the earth. 
Observations at a single station will not serve to measure the size, but 
the essence of the method of measurement may be usefully imitated, 
and, by correspondence between two schools, actual measurement 
may be made, much to the edification of the pupils. The relations of 
the local horizon to the plane of the sun-circle, as involved in the 
measurement of latitude, enables the scholar to “see,” if not to dem~ 
onstrate, that an angle of one degree must separate the local hori- 
zons of two stations on the same meridian, whose latitude differs by one 
degree. Similarly, if observations of the sun’s midday (meridian) 
altitude were made at two such stations on the same day the alti- 
tudes would differ by one degree. Then, measuring the distance 
along the meridian are between the stations, a simple proportion gives 
the circumference of the meridian circle: 


1°: 560°:: length of are : circumference. 


This imitates the method employed by Eratosthenes. ‘Two parties 
of scholars stationed at the ends of a short meridian are in a school 
yard or in an adjacent common may each determine the noon al- 
titude of the sun and measure the distance between their stations 
in imitation of the genuine method of earth measurement, and they 
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may be convinced that if their observations were minutely accurate 
the size of the earth could be estimated from even so short an are as 
that which they can pace during a recess interval. If a hill rises 
near the school the convexity of the hill may be taken to imitate the 
rotundity of a little earth. Two parties stationed out of sight of each 
other on the north and south slopes of the hill, and on a north and 
south line, may determine the sun’s noon altitude with reference to 
the slopes of the hill (which imitate the curved, level surface of a little 
earth), and then measuring the are between their stations, the size of 
a small earth to which such a hill would fit may be determined. In 
the absence of a hill, a useful substitute may be provided in a school 
yard by placing two tables or boxes in a north and south line fifty or 
a hundred feet apart, tilting their upper surfaces away from each other, 
and then proceeding on the pretense that the table surfaces are parts 
of a little earth, whose convex meridian may be indicated by the tops 
of a row of stakes between them. The curved surface of a globe in a 
school-room may be used to explain the geometry here involved, but 
outdoor work should not be altogether replaced by such indoor sub- 
stitutes. Nothing can so well give the sense of the real great earth as 
outdoor observations. 

Two schools can profitably codperate:to measure the size of the 
earth. Ona certain day agreed upon beforehand the midday alti- 
tude of the sun is determined at each school. The length of the 
meridian are between the latitude circles of the two schools may 
then be measured on a good map and the proportion of Hratosthenes 
again employed to find the unknown quantity. If each school de- 
termines its own latitude, the difference of latitudes replaces the 
difference of the sun’s midday altitude on a given day, and then no 
agreement as to the day of observation is necessary. Why is it that 
nature study of this kind, so appropriate to the inhabitants of a 
rotating globe, is not introduced in our lower schools? Is it because 
of the supposed difficulty or the actual simplicity of the necessary 
observations; on account of a recognition or a neglect of their value; 
on account of a confidence in the innate ability of young scholars or 
a mistrust of their powers; or on account of preparation or lack of 
preparation on the part of the teachers? ‘To the best of my belief, 
this is merely one of the many cases in which the real mental activity 
of school children is benumbed by substituting recitations of words 


for live performance. 
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Longitude.—Difference of longitude (introduced under any name 
that is suggested by the pupils when talking freely of the relative 
positions of places on a rotating globe—the technical name to come 
in later) can be determined between two schools in any one of the 
three historical methods. As Strabo employed an eclipse of the 
moon to determine the relative easting or westing of certain points 
bordering the Mediterranean, so school children in different parts of 
the country may employ a lunar eclipse today to determine the rela- 
tive positions of the meridians on which their homes are situated, 
previously determining their local solar time, and subsequently com- 





paring the recorded time of any phase of the eclipse by correspondence, 
As governmental parties a hundred years ago made chronometer ex- 
peditions between neighboring national capitals, so school children 
may today send a watch from one school to another by express, and 
thus make a yery good determination of difference of longitude. As 
modern observers employ the telegraph for time comparisons, even 
if separated by the whole breadth of a continent or of an ocean, so 
school children may today delegate some of their number to go to a 
telegraph office and send “time signals” from their watch (previously 
set to local solar time by their own observations) to an expectant 
party at the other end of the line. The two parties may have to wait 
half an hour or so to get the line “clear,” but such a trifling delay 
should be no obstacle to success; and even such delay may be 
avoided if a long-distance telephone is used ; then the time signals may 
be counted aloud by one party and directly heard by the other. 
Surely it is not the lack of capacity on the part of the pupils; it is 
not the expense involved ; it is not the difficulty or the uselessness 
of the work that keeps such practical experiments as these out of our 
schools. What is the real difficulty in the way of their introduction ? 

Indoor Exereises.—Practical exercises of another kind on the earth 
as a globe may be performed indoors.* A meridian section of the 
earth asa sphere and as a spheroid may be drawn to scale in order 
to show how vanishingly insignificant the polar flattening really is, 
Geographically, its value is negligible in a high-school course, however 
important and interesting it is in astronomy and however valuable it 
is historically as a proof of the earth’s rotation. The height of the 
highest mountains, the depth of the deepest oceans, the mean alti- 
tude of continents, the mean depth of sea floors, and the rate of in- 


* Several of these exercises have been suggested to me by Mr W. H. Snyder, of Worcester 
Academy. 
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crease of interior temperatures may ail be shown on this earth section, 
Comparisons of local and general distances and heights may be made 
by drawing them to scale. 

Several methods of map projection may be illustrated. First the 
necessity for projection should be shown by the impossibility of 
smoothly laying a paper, cut to match a continental outline, upon 
the surface of aglobe. The mercator (or stove pipe and cannon ball), 
the conical, and the gnomonic projections may be easily constructed ; 
their difficulties may be magnified if clothed in mathematical lan- 
guage or minified if talked about familiarly. After a network of 
meridians and latitude circles is drawn out a continental outline may 
be platted from a table giving the latitudes and longitudes of a num- 
ber of points on the coast line. Greenland and South America on 
Mercator projection, Greenland on Mercator and conical projection, 
the margin of the unexplored areas in the Arctic and Antarctic re- 
gions on gnomonic projections all afford good practice for platting. 
Comparison of distances on globes and on maps serves to detect the 
distortion characteristic of each kind of projection. A great-circle 
sailing course between San Francisco and Yokohama, as determined 
on a globe, may be transferred to any projection by the latitude and 
longitude of a number of points on its path. The same may be tried 
on a polar gnomonic projection of the great southern ocean for a voy- 
age from Cape Horn to Tasmania. The results in the two cases are 
interesting and instructive. From my own experience with school 
teachers in problems of this kind, it is necessary to conclude that 
geometry must, as a rule, have been very badly taught to them. 

Terrestrial magnetism affords some interesting exercises, if time can 
be allowed to them. The local variation of the magnetic needle has 
already been determined. Charts published by the Coast Survey and 
elsewhere give, by means of lines of equal variation, the values of 
local variation at any desired point. Local values thus obtained may 
be copied off on the blackboard, and the pupils may then write in 
the values on a Mercator map of the world (of their own construction, 
if desired), or on an outline map of the United States. The values 
thus charted afford practice in drawing lines of equal variation. The 
accuracy of the work can be tested by comparing the results with the 
original chart. A variation on this exercise may be made by drawing 
arrows at various stations to represent the local direction of magnetic 
north. Extend the arrows, curving them, if necessary, so that they 
shall not cross each other; they will ‘then represent magnetic me- 
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ridians. The north magnetic pole, in the neighborhood of Hudson 
Bay, may be thus discovered. The meaning of magnetic charts can 
hardly be made clear without performing exercises of this kind. 

The point that deserves special emphasis with regard to all the 
exercises thus far described is not so much their importance, although 
all are important, but rather their practicability. If the shape and 
size of the earth, latitude and longitude, and terrestrial magnetism 
are taught at all, practical exercises should replace recited definitions 
as far as possible. In all stages of the work excéllent practice in 
English composition is afforded by calling for written description of 
observations and for careful formulation of results. 

The Atmosphere-—Vhe study of the atmosphere suggests a great 
variety of practical exercises, many of which are now familiarly in- 
troduced in ourschools. Local observations, without and with instru- 
ments, are made and discussed systematically. They are correlated 
with the larger phenomena of the weather maps, but the work in this 
direction often falls far short of its possible measure. In this connec- 
tion I may refer toa recent book by my colleague, R. De C. Ward, 
entitled ‘‘ Practical Exercises in Elementary Meteorology,” in which 
the teacher and the pupil will find precise directions for the solution 
of a large number of problems that I am sure will be of great value 
in giving fuller appreciation of the treasures stored up in, but not 
always taken from, the daily weather maps. This guide book being 
now accessible, I need here refer only to certain problems that are 
associated with the seasons. Here, as under the earth as a globe, it 
is too commonly the practice to learn definitions, instead of develop- 
ing a real knowledge of the subject by the study of gradually accumu- 
lated observations. The need of plenty of time, only to be secured 
by carrying on observations during one or two years, is nowhere better 
illustrated than in this chapter of the subject. It is impossible to 
compress the necessary observations into the short time during which 
a high-school course would be concerned with the atmosphere. Ade- 
quate attention to the subject can be obtained only when the work is 
distributed over a long period in the grammar school, associated either 
with geography or with nature study. 

The Seasons.—The procession of phenomena observable in the 
annual succession of the seasons is observable in early school years. 
The observations here described are intended to connect the simplest 
seasonal phenomena with their causes, which are to be found in the 
revolution of the earth around the sun, and in the resultant northing 
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and southing of the sun (or its movement in declination, declination 
in the sky being the equivalent of geocentric * latitude on the earth). 

The fact of seasonal change having been already recorded in a most 
elementary way, let a second record be made in connection with a 
search for the causes of change, as follows: At intervals of a fortnight 
ora month determine the midday altitude of the sun. At similar 
intervals determine the time, and if possible the compass <irec- 
tion, of sunrise and sunset.t Again, at similar intervals, have the 
scholars, or at least the brighter ones, note the star groups that ap- 


pear in the east shortly after the time and opposite to the point of 


sunset. All the facts thus determined vary systematically and in cor- 
relation with one another. The discovery of their system of change 
and of the correlations in the system should, if possible, be reserved 
for the scholars. Their intelligence is only half developed if the dis- 
coveries that they can make are made for them. In such case it may 
be ciaimed that time is saved,and that the results reached arethesame ; 
but it should be seen, on the other hand, that the scholars lose much 
appreciation of the result if they do not find it for themselves, and 
that they will fail entirely to acquire the power and the habit of dis- 
covering if they have no practice in it. If American schools are de- 
veloped on a truly democratic basis, as befits republican institutions, 
one of their chief values will be that they aid in giving every boy and 


* This word, ‘ geocentric,” is inserted here in order to escape the criticism of the carping 
and captious. In oral explanation with teachers or scholars I should omit it and accept the 
consequences, In printed statement it is necessary to be more cireumspect. If any member 
of a class should rise by his own exertions to an understanding of the difference between geo- 
graphic and geocentric latitude, he would deserve and appreciate the fuller explanations that 
eould be given in response to his questions; but to introduce into a first statement so fine a 
point as is implied in the use of geocentric would unnecessarily and unwisely delay and com- 
plieate progress, 

tit is manifest that this requires observations outside of the school session and sometimes 
at rather inconvenient hours, But [would protest against the implication contained in objec- 
tions to outside work, that lessons are so distasteful that none of the sehokus will willingly 
give a little of their free time to such details as are here suggested. Early simmer sunrise 
ean be timed from sunset when it has been discovered during the winter that sunrise and 
sunset occur symmetrically before and after midday, or the moment when the sun reaches 
its highest altitude (meridian culmination). The general adoption of standard time introduces 
some confusion here, for it is desirable that sunrise and sunset should be recorded in local 
solar time, A watch kept to such time by observations of the sun at mnidday is useful in this 
connection. This is easily done when a north mark has once been established. The watch 
will then give the necessary correction for the steeple clocks and factory whistles, by which 
some scholars may have to make their morning and evening records, 

A pocket compass for measuring the direction of sunrise and sunset may be lent to those 
scholars whose homes give:the best view of the horizon. Compass readings should be ecor- 
rected for local variation of the needle to give true bearings. The direction of early sunrise 
may be determined from that of late sunset when it has been discovered that the two are sym- 


metrical with respect to the true meridian. 
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girl in the land a chance to emerge from the mass, where individu- 
ality is lost, and to reach a position in which they can do the most 
good for themselves, their homes, and their country. The cultivation 
of intelligence is as essential to this endas the acquisition of knowl- 
edge. The observations and correlations now in discussion may be 
made to contribute usefully to both these attainments. 

The sun’s midday altitude should be tabulated, and the change in 
its value should be indicated graphically. Records thus kept are in 
themselves educative, not only in forming habits of accuracy and 
neatness, but still further in familiarizing the pupils with the several 
methods of record, each best for its own purpose. Graphic record 
may be made on a diagram in which horizontal measures represent 
time (dates), and vertical measures represent angular altitude. As 
the line connecting successive points of observation is seen to be not 
straight but curved, let expectation be aroused as to the probable 
result of further observations, thus developing the habit of thinking 
forward from a basis of observations in the past and present. Test 
the expectations by comparison with later observations, and thus 
develop the more important habit of not jumping at conclusions, 
The frequency of sun observations should be increased as_ the 
solstices are approached, in order to give good determination of those 
important dates. Few pupils will fail to await with interest the first 
observations after the Christmas holidays, or to continue observations 
with unflagging interest even into the hot weather of late June. It 
is conceivable that some children might even carry on observations 
of this kind through the summer vacation, in order to complete their 
curve for the year. A graphic bisection of the upper and lower cul- 
minations of the curve, by lines drawn through the middle points of 
horizontal chords, will give good determinations of the dates of the 
solstices. When the upper and lower limits of the curve are well 
determined, draw horizontal lines tangent to them, and draw a third 
horizontal line midway between these tangents. Lead up to the dis- 
covery that this middle line represents the sky equator; that the 
date of the equinoxes is given at the two intersections of the equator 
and the sun’s path, and that the angular distance (declination) 
of the sun north or south of the equator can easily be roughly 
determined for any day of the year by measuring up or down from 
the equator line to the curved sun path. Then, and not properly till 
then, are young geographers ready to use the noon altitude and 
declination of the sun in determining their latitude. When this 
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stage is reached, better values of the sun’s declination may be taken 
from the Nautical Almanac for the current year, accessible in the 
larger public libraries. If it is not accessible there, ask the librarian 
to get it. The teacher of mathematics should be able to explain how 
to use it in finding the sun’s declination on any date. 

The Year.—The time and direction of sunrise end sunset should be 
tabulated and diagramed. The correlation of the day’s length, the 
direction of the sun at rising and setting, and the changes in midday 
altitude are most instructive. Each quantity affords occasion for 
prediction and verification of its future values. All the changes in 
these quantities are run ina period of 365 days, and in the same 
period the star group first seen in the east shortly after sunset is again 
seen there at the same hour. Now let the scholars try to explain this 
return to a previous condition, suggesting to them that a line may be 
imagined starting at the sun, passing through the earth, and extend- 
ing to the distant stars. This line has been found to sweep through 
the sky, pointing to one star group after another, and to return to the 
original group in the same period as that in which the noon altitude 
and its correlated quantities run through their variations. Then the 
earth must go around the sun once in 365 days. The time unit, 
called a year, has long been familiar to the scholars ; they have prob- 
ably heard or read that the earth goes around the sun in a year, but 
those words are now fuller of meaning than they were ever before.* 
The sensible constancy of the sun’s diameter apparent (determined 


by letting a ray of sunlight pass through a pin-hole in one sheet of 


paper and fall upon another sheet at a fixed distance from the pin- 
hole) should serve to give a good idea of the form of the curve or 
orbit that the earth runs around. 

Inclined Attitude of Axis to Orbit.—The facts regarding noon altitude 
and the correlated quantities can all be explained if it be suggested 
that the axis on which the earth has been found to turn does not 
stand vertical to the plane of the orbit in which it has been found to 
revolve. Here again a globe is of value as a mental aid and an aid 
in visualizing the necessary geometrical relations. So are the dia- 


*In order to give a better determination of the length of the year than can be obtained 
merely by general inspection of the eastern constellations after sunset, the following plan may 
be adopted: Observations in September and October will show that the stars occupy more and 


more western positions at a given hour on successive evenings, Letthe more skillful scholars 
make reeord of the position of some recognizable star with respect to a roof or chimney at a 
certain hour on a certain evening, then ask them to discover when the star will again be in 
that position it that hour. It will be well to have records of this sort made on several differ 
ent evenings, so as to lessen the possible trouble from cloudy evenings in the following year, 
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grams that one usually finds in text-books, although they are much 
less serviceable than globes.* Whether children of under fourteen 
years of age can discover this solution of the problem or not remains 
tobe proved. At least they should have a good chance to show their 
capacity to discover it, a carefully prepared chance, approached by 
the slow accumulation of pertinent observations, all familiarized by 
repetition. 

A simple construction of the earth’s orbit is also serviceable at this 
stage. Draw upon a sheet of paper about a foot square a line through 
its middle parallel to one side. Locate the middle point of the line. 
Construct a scale whose units are 5}, of the side of the paper, so that 
two pins, three units apart, can be driven into the middle line sym- 
metrically on either side of the middle point. Lay a loop of thread 
or fine string 189 units in perimeter over the pins; stretch it tight 
with a pencil, and draw a curve thus guided. This curve shows the 
true pattern of the earth's orbit, the units of the scale being millions 
of miles. The orbit is as sensibly circular as are the earth’s meridians, 
Take out one of the pins, and around the other draw a little circle, 
a trifle less than a unit in diameter, to represent the sun; a good- 
sized pin-head will not be much too small for it. Assuming that the 
North star is above the plane of the orbit (or paper), the earth moves 
around the orbit so as to pass from right to left when viewed from 
the sun. Find the point on the orbit that is nearest to the sun 
(it must lie where the orbit is cut by that half of the middle line 
which passes through the sun). Conveniently for our memories, 
the sun celebrates New-Year’s day by passing through this near-sun 
point, or perihelion. July 1 sees the earth at the opposite far sun 
point, or aphelion. Go backward along the orbit from perihelion 
one-ninth of a quadrant arc; this is the point occupied on Decem- 
ber 21, the date of the sun’s least midday altitude, or the winter 
solstice. Draw a line from this point through the sun; it intersects 
the orbit at the summer solstice, which the earth passes on June 21, 
Draw a line through thesun at right angles to the solsticial line; it 
intersects the orbit in the equinoctial points. Set up a small ball on 
a vertical axis to represent the earth at the winter solstice; the sun 
can then be imagined to illuminate the near half of the earth; the 
day-and-night circle will separate the illuminated half from the dark 
half of the earth. As the earth now stands, with a vertical axis, the 


* A simple, small and cheap “ elementary globe,” divested of nearly all names, and showing 


Donnelly, Oxford, N.Y. 


only the most general relief, is published by <A, 
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plane of the equator passes through the sun ; but this has been shown 
by observation to be impossible at the time of the winter solstice. 
On that date the sun is 23° south of the equator. The axis of the 
earth must therefore be tilted 23° from the vertical and away from 
the sun in order to imitate actual conditions. 

As the prolonged axis meets the sky in the same point at all 
seasons of the year, the attitude of the axis must always be parallel to 
its initial position. Carry the earth around its orbit, holding the axis 
properly on the way, and observe the relative attitude of the day-and- 
night circle at different times of year. All the peculiar variations of 
the sun’s midday altitude, of the times and directions of sun rise and 
set, and of the length of day and night can be explained by this little 
working model ; hence it may be fairly said to present the conditions 
ofnature. It is well that the scholar should know that it is entirely 
on the basis of such agreements between hypothesis and fact that 
text-books make statements about the inclination of the earth’s axis, 
the duration of its annual revolution, and so on. There is no other 
door by which one can really enter the domain of knowledge, where 
the motto is written: “ Truth for authority, not authority for truth.” 

When beginning to prepare this article it was my intention to cover 
other branches of the subject as well as those here treated, but on 
advancing into the manuscript it has seemed better to expand general 
recommendations into somewhat specific explanations in order to 
aid in carrying them into practice. Thus the article has grown un- 
duly long. Something about practical exercises on the oceans and 
the lands may be presented at another time. 





PROFESSOR HENRY ALLEN HAZEN 


By a sad accident on the evening of Monday, January 22, 1900, the U.S. 
Weather Bureau lost one of its most prominent officials and the National Geo- 
graphic Society one of its active members. Professor Hazen, while riding on 
his bicycle, hastening to his night work at the Weather Bureau, collided with a 
pedestrian and was dashed to the ground. He received injuries from which he 
died twenty-four hours later. 

Professor Hazen was born January 12, 1849, in Sirur, India, about 100 miles 
east of Bombay, and was the son of Rey. Allen Hazen and Martha Chapin, his 
wife, missionaries of the Congregational Church. He came to this country when 
ten years old, and was educated at St Johnsbury, Vermont, and at Dartmouth 
College, where he was graduated in 1871. For some years he was instructor in 
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drawing in the Sheftield Scientific School, New Haven, and later was assistant in 
meteorology and physics under Professor Elias Loomis. He received an appoint - 
mentinthe Weather Bureau in May, 1881, being assigned to special duty on such 
problems as the investigation of the psychrometer and the proper exposures of 
thermometers, the study of thunderstorms, and other important questions. 
Ata later period Professor Hazen was assigned to duties of a broader aspect, 
including weather forecasting and occasional editorial work on the Monthly 
Weather Review. In addition to his official work in the Weather Bureau, Pro- 
fessor Hazen was a frequent contributor to meteorological and other scientific 
journals, He was one of the supporters of Science during the years 1882-1889 
and of the American Meteorological Journal, 1884-1886. Among his larger pub- 
lications are the ‘‘ Reduction of Air Pressure to Sea Level ’’ and the ‘‘ Climate 
of Chicago.”’ 


GEOGRAPHIC MISCELLANEA 


Tue Peary Arctic Club (Brooklyn, N. Y.) in recording its admiration for Mr 
Peary’s activity and persistence has pledged its unfaltering support to the re- 
maining work of the expedition. 

NoTwItTHSTANDING the greatly increased cost, both of materials and labor, 
the shipbuilding output of Great Britain in 1899 was the largest on record, 
having reached the enormous total of 1,715,000 tons. Preliminary returns place 
the year’s output in Germany at 257,927 tons, in the United States at 178,636 
tons, and in France (the only other country exceeding 50,000 tons) at 60,586 
tons. 

A RECENT number of Science announces that an expedition organized by Baron 
Toll for the exploration of the New Siberia Islands and Saunikoff Land, into 
which no man has yet penetrated, will set out in June next from some Nor- 
wegian port. The party will pass the winter ata point on the banks of the 
Lena, above the town of Yokutsk, and in the summer of 1901 will begin their 
explorations toward the north. 

Mr FE. H. Harriman, the patron of the expedition to Alaska which bears his 
name, will publish the results of the expedition in a series of several volumes 
prepared under the general editorial management of Dr C. Hart Merriam. The 
first volume is to be a narrative of the expedition by John Burroughs, with a 
chapter on glaciers by John Muir, and other chapters by well-known writers. 
The scientific results, comprising several separate volumes, are being prepared 
by the specialists who had charge of the different branches of work. 

Some months since the French Government, according to the Le Tour Du 
Monde. instructed P. Froc, director of the meteorological observatory near 
Shanghai, to choose some site in the French Indo-China colony and there estab- 
lish a meteorological observatory. The director has chosen for the purpose a 
slight elevation near Tonkin called Kalan, which is only 400 feet high. The 
hill is near the sea, and the neighboring hills which encircle it form a sort of 
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enclosure, which is peculiarly sensitive to all the phenomena of the surround- 
ing country, and also to the slightest disturbance from the sea. The observa- 
tory will thus have a maritime as well as a meteorological value. 

Tue project of maintaining the level of Lake Erie near its high-water stage 
during the navigation season by constructing a dam across Niagara River be- 
low Buffalo harbor is reported by the Deep Water Ways Commission as practi- 
Thus the water lost by evaporation in summer could be 
accumulating the surplus water during the closed season 
The best location for 


cable and desirable. 
partially replaced by 
and releasing it when most necessary in the open season. 
adam is, according to the board, at the foot of the lake, just below Buffalo harbor. 
A canal with a lock is provided on the American side around the end of the 
dam and the rapids at the head of the river. The cost of the regulating works 
is estimated at $796,923, and of the lock and canal at $2,325,967. The changes 
would raise the low-water stage about three feet in Lake Erie, two feet in Lake 
St Clair, and one foot in Lake Huron. 

Tue U.S. Commercial Agent at Viladivostock, Mr Richard T. Greener, reports 
that it is proposed to turn the military port of Vladivostock into a commercial 
port, making it the principal terminus of the Trans-Siberian Railroad. Port 
Arthur will then become the chief military port of eastern Siberia. Talienwan, 
which has been renamed ‘ Dalny,” will be the commercial port, and an “‘open’’ 
one, of the Pechili Gulf. Every effort will be made to make it an important 
trade center. The plans of streets, government buildings, etc., are already form- 
ulated and will be put in execution, while the construction of the various lines 
of railroad is also being pushed to completion. The plan of the Russian gov- 
ernment to form an eastern Asiatic steamship company to open communication 
between Port Arthur, the Manchurian Railroad, Vladivostock, and other ports 
of the Far East is now arranged. The service between Vladivostock and Port 
Arthur will soon be begun. 

Tue Manual of Tides now being prepared in the Coast and Geodetic Survey 
Office by Dr R. A. Harris will discuss, among other subjects, the tidal theory. So 
far as the study of the tidal oscillations in the great oceanic basins has progressed, 
it tends to show that the dominating tides of most localities owe their origin to 
one of two methods of generation. The first is that implied in the corrected 
equilibrium theory, and pertains to rather small and well enclosed bodies of 
water; the second, and far more important, method is that implied in stationary 
oscillations whose free periods approximately coincide with the periods of the 
tidal forces. As an example of these oscillating areas may be cited the region 
lying south of the Maine coast, from Nantucket to the southern end of Nova 
Scotia. Following a line, somewhat convex, toward the south, joining these 
two points, there appears to bea small tidal disturbance, probably not more 
than two feet, whereas along the entire New England coast, north of Nantucket, 
the tides are in the neighborhood of from eight to ten feet. Moreover, on this 
nodal line just mentioned, running from Nantucket to Nova Scotia, the currents 
are well pronounced, so that it appears that we have here an area which oscil- 
lates about the nodal line as an axis, thus producing high water at practically 


the same time along the New England coast. 
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Paleontology; W. K. Brooks, C. HART MERRIAM, Zoology; S. I. 
SCUDDER, Entomology; C. E. BEssky, N. L. BRIrron, Botany; C. 5S. 
MINOT, Embryology, Histology; H. P. BowpircH, Physiology ; 

J. S. BILLINGS, Hygiene; J. MCKEEN CATTELL, Psychology ; 

J. W. PowELL, Anthropology. 





NEW AND POPULAR SCIENTIFIC BOOKS. 


MACBRIDE 
The Slime Moulds. A Handbook of 
North American Myxomiycetes. By 
THOMAS H. MACBRIDE, Professor of 
Botany, University of Iowa. 
Cloth, 12mo. 


HARDIN 
The Liquefaction of Gases. Its Rise 
and Development. By WILLET L. 
HARDIN, Ph D., University of Penn- 
sylvania. Cloth, r2mo, $1.50. 
A popular yet complete account of the methods 





used in the liquefaction of air, among other A list of all species described in North 
gases. America, including Central America, with an- 
notations, 
GANONG 
The Teaching Botanist. A Manual SUTER 


For Students 





of information upon Botanical In- 
struction, together with Outlines and 
Directions fcr a Comprehensive Ele- 
mentary Course. By WILLIAM F. 
GANONG, Ph.D., Smith College. 
Cloth, 1r2mo, $1.10 ve?. 
A manual of information upon botanical in- 
struction, with outlines and directions for an 
elementary course. 


THE MACMILLAN COMPANY, Publishers, NEW YORK. 


Handbook of Optics. 

of Ophthalmology. By WILLIAM N. 

SUTER, M. D., National University, 
Washington, D. C. 

Cloth, 12mo, $1.00 net. 

Aims to give a clearer insight intothe phenom” 

ena of refraction as applied to ophthalmology 

than can be obtained from the usual text-books on 

Refraction of the eye. 
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APPLETON’S 


GEOGRAPHICAL SERIES 


Edited by H. J. MACKINDER, M. A., Student of Christ Church, 
Reader in Geography in the University of Oxford, 
Principal of Reading College. 








The series will consist of twelve volumes, each being an essay descriptive 
of a great natural region, its marked physical features, and the life of its people. 
Together the volumes will give a complete account of the world, more especially 
as the field of human activity. 

The series is intended for reading rather than for reference, and will stand 
removed on the one hand from the monumental work of Reclus, and on the 
other from the ordinary text-book, gazetteer, and compendium. 

Each volume is to be illustrated by many maps printed in colors and by 
diagramis in the text, and it will be a distinguishing characteristic of the series 
that both maps and diagrams will be drawn so that each of them shall convey 
some salient idea, and that together they shall constitute a clear epitome of the 
writer’s argument. With a like object, the pictures also will be chosen so as 
to illustrate the text and not merely to decorate it. A detailed announcement 
of this important series will be presented later. 


List of the Subjects and Authors. 


1. Britain and the North Atlantic. By the Eprror. 

2. Scandinavia and the Arctic Ocean. By Sir CLEMEN’TS R. MARKHAM, 
K. C. B., F. R. S., President of the Royal Geographical Society. 

3. The Romance Lands and Barbary. By ELISEE RECLUS, author of the 
‘*Nouvelle Géographie Universelle.”’ 

4. Central Europe. By Dr. Jos—EPH PARTSCH, Professor of Geography in 
the University of Breslau. 

Africa. By Dr. J. Scott KELTIE, Secretary of the Royal Geographical 
Society ; Editor of ‘‘ The Statesman’s Year-Book.”’ 

6. The Near East. By D. G. HoGartn, M. A., Fellow of Magdalen Col- 
lege, Oxford ; Director of the British School at Athens; Author of ‘‘A 
Wandering Scholar in the Levant.’’ 

The Russian Empire. By Prince KRAPOTKIN, author of the articles 


‘*Russia’’ and ‘‘ Siberia’’ in the Excyclopedia Britannica. 
8. The Far East. By ARCHIBALD LITTLE. 
9. India. By Sir T. HUNGERFORD HorpicH, K.C. I. E., C. B., R. E., Su- 


perintendent of Indian Frontier Surveys. 


10. Australasia and Antarctica. By Dr. H. O. Fores, Curator of the 
Liverpool Museum ; late Curator of the Christ Church Museum, N. Z. ; 
Author of ‘‘A Naturalist’s Wanderings in the Eastern Archipelago.’’ 

11. North America. By Prof. I. C. RussELL, University of Michigan. 

12. South America. By Prof. JOHN C. BROUNER, Vice-President Leland 
Stanford Junior University. 

Maps by J. G. BARTHOLOMEW. 


D. APPLETON & CO., Publishers, 
NEW YORK. 
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IMPORTANT ANNOUNCEDIENT! 





ee 


INTERNATIONAL 
GEOGRAPHY. 


The last few years have proved so rich in geographical discov- 
eries that there has been a pressing need for a 7ésumé of recent ex- 
plorations and changes which should present in convenient and 
accurate form the latest results of geographical work. The addi- 
tions to our knowledge have not been limited to Africa, Asia, and 
the Arctic regions, but even on our own continent the gold of the 
Klondike has led to a better knowledge of the region, while within 
a short time we shall have much more exact geographical informa- 
tion concerning the numerous islands which make up the Philippines. 
The want which is indicated will be met by 7he /nternational Geog- 
raphy, a convenient volume for the intelligent general reader, and 
the library which presents expert summaries of the results of geo- 
graphical science throughout the world at the present time. 

Seventy authors, all experts, have collaborated in the production 
of The International Geography. ‘The contributors include the lead- 
ing geographers and travelers of Europe and America. The work 
has been planned and edited by Dr. H. R. MILL, who also wrote 
the chapter on The United Kingdom. Among the authors are : 


Professor W. M. DAvIs (The United States), 

Dr. FRIDTJOF NANSEN (Arctic Regions), 

Professor A. KIRCHHOFF (German Empire), 

Mr. F. C. SELOUS | Rhodesia), 

Professors DE LAPPARENT and RAVENEAU (France), 

Sir CLEMENTS R. MARKHAM, F. R. S. (Ecuador, Bolivia, and Peru), 
Sir JOHN MurRAY, F. R. S. (Antarctic Regions), 

Count PFEIL (German Colonies), 

Mr. JAMES BryYCE, M. P. (The Boer Republics), 

Sir H. H. JOHNSTON, the late Sir LAMBERT PLAYFAIR, 

Sir F. J. Go_psmip, Sir MARTIN CONWAY, 

Sir GEORGE S. ROBERTSON, Sir WILLIAM MACGREGOR, 

Sir CHARLES WILSON, F. R. S. ; the Hon. D. W. CARNEGIE, 
Mrs. BisHoP, Dr. A. M. W. DOWNING, F. R. S. ; 

Dr. J. ScorTr KELTIE, and 

Mr. G. G. CHISHOLM, the editor of the 77zmes Gazetteer. 

The book is illustrated by nearly five hundred maps and diagrams, which 
have been specially prepared. It is designed to present in the compact limits 
of asingle volume an authoritative conspectus of the science of geography 
and the conditions of the countries at the end of the nineteenth century. 


D. APPLETON & CO., Publishers, 


72 Fifth Avenue, New York. 
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DOUBLEDAY & McCLURE CO. 


141-155 East 25th Street, New York, 





The United States of Europe. W. T. Stead. 


ON THE EVE OF THE PARLIAMENT OF PEACE. 


Mr. Stead’s recent talks with the Czar and with all the great European statesmen 
lend much value to this timely review of current politics, written with special reference 
to the Russian Peace Rescript and American ‘‘ Expansion.’’ It covers such pertinent 
matters as America’s task in Cuba and the Philippines, the ‘‘ Chinese Puzzle,’’ South 
African Problems, the Fashoda Muddle, the Concert of Europe and its work in Crete and 
Candia, and so on, with many suggestive forecasts. 


Size, 5% x 84%; pages, 468; over 100 portraits, maps, and illustrations; binding, cloth. 
Price, $2.00. 


Sketches in Egypt. Charles Dana Gibson. 


‘‘Egypt,’’ says Mr. Gibson, ‘‘ has sat for her likeness longer than any other coun- 
try.”’ The recent important events that have turned all eyes toward the Upper Nile 
have not disturbed in the least the ancient composure and serenity of the Land of the 
Pharoahs, and few countries offer such a tempting field to the artistic pen. Mr. Gibson’s 
forceful and suggestive drawings are well reinforced by his written impressions—more 
complete than he has ever before published—and the whole makes up a uniquely in- 
teresting record, from an artist who occupies a peculiar position among us. It is the real 
Egypt from a new standpoint. No pains have been spared to produce a true art work, 
giving really adequate presentations of Mr. Gibson’s drawings. 


Size, 734 x 10%; cloth decorated; pages, 150; type, 12 point. Regular edition, $3.00 
net. Edition de Luxe, 250 signed and numbered copies, each accompanied by a portfolio 
containing art proofs of ten of the most important pictures, on Japan silk tissue and 
mounted on plate paper suitable for framing. Price per copy, $10.00 net. AS SOON AS 
ACTUALLY PUBLISHED THE PRICE ON ALI, DE LUXE COPIES NOT SUBSCRIBED FOR WILI, 
BE RAISED. 


From Sea to Sea. Rudyard Kipling. 
35th THOUSAND. 


This is an authorized edition of the collected letters of travel which Mr. Rudyard 
Kipling has written at various times between 1889 and 1898, and has just edited and 
revised. It includes hitherto unpublished matter, as well as an accurate text of the 
‘“‘American Notes,’’ with ‘‘ Letters of Marque,”’ ‘‘ The City of Dreadful Night,’’ ‘‘ The 
Smith Administration,’ etc., etc. 

Even Mr. Kipling never wrote anything more entirely irresistible than are, for in- 
stance, his letters on Japan. ‘The ludicrousness of the Japanese ‘‘ heavy cavalry,”’ the 
fascinating O-Toyo, the cherry blossoms, and the wonderful art which permeates the 
daily life of natural Japan—all these things become permanent iu the reader’s mind and 
can never be forgotten; and they show a side of the author which is not at all prominent 
in most of his other work. F 


Size, 5x74; two volumes in box; pages, 860; type, 10 point; binding, cloth. 
Price, $2 00 
, ’ 
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The American Anthropologist. 


The only American magazine devoted to the science of Anthropology ; 
published at the National Capital. No one interested in anthropology in any 
of its branches can afford to be without it. Swdscribe today. 











Handsomely Printed and Illustrated. Published Quarterly. Four Dollars a Year. 


ApprEss: THE AMERICAN ANTHROPOLOGIST, 
G. P. Putnam’s Sons, 27 and 29 West 23d Street, New York City. 











A practical journalist, long a member of the staff of the Washington Evening Star, resigned 
his position to go to Guatemala. Before he left Washington he had been a firm believer in the 
medicinal qualities of Ripans Tabules, and took a lot of them with him to Guatemala, where he 
earned the friendship of the captain of the steamer, w hich sails from San Francisco and stops at 
ports in Central America, by making known to him the marvelous virtues of R-I-P-A-N-5 the 


medical wonder of the century. He often dilates upon the captain’s enthusiasm about the Tabules 
and asserts that the people of the tropics suffer terribly from indigestion, and that the Tabules 
Ripans Tabules quiet the nerves, 





are now known most favorably throughout Central America, 
compose the mind, allay irritation, and invite repose. One gives relief. 


WANTED :—A ease of bad health that R-I-P-A-N-S will not benefit. They banish pain and 
prolong life. One gives relief. Note the word R-I-P- {-N-S on the package and accept no substitute. 


R-I-P-A-N-S, 10 for 5 cents, or twelve packets for 48 cents, 
samples and one thousand testimonials will be mailed to any address for 5 cents, forwarded to the 
Ripans Chemical Co., No. 10 Spruce St., New York. 


may be had at any drug store. Ten 
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LECTURE COURSES 


NATIONAL GEOGRAPHIC SOCIETY. 


The program of the lectures for each month and all other announcements 
prog 
by the Society will be published regularly in the NATIONAL GEOGRAPHIC 






MAGAZINE. 





THE POPULAR COURSE, 
delivered in the 
FIRST CONGREGATIONAL CHURCH, TENTH AND G STREETS N. W,, 
on alternate Friday evenings at 8 o'clock. 


February 9.—Explorations on Yangste Kiang Mr Wm. BARCLAY PARSONS, C. E. 
Surveyor of the railway route through the Yangste Kiang valley. 

16.—The History and Geographic Distribution of the Bubonic Plague, 
GEORGE M. STERNBERG, 
Surgeon General, U. S. Army. 


February 


23.—From the Andes through Bolivia and Back . Hon. WM. ELEROY CurTIs, 
Ex-Director of the Bureau of American Republics. 


Mr M. SERGEY FRIEDE, C. E. 


February 


March 9.—Manchuria 


March 23.—The Venezuelan Boundary Mr Marcus BAKER. 
* The International Geographic Congress . Gen. A. W. GREELY, U.S. A. 
* The Missions of California P ‘ F Mr J. STANLEY-BROWN. 
* Cuba ; ‘ ‘ ; , ; ‘ . Mr GEORGE KENNAN. 
* Presidential Address : , ‘ Dr ALEXANDER GRAHAM BELI,. 


THE TECHNICAL COURSE, 
delivered in the 
ASSEMBLY HALL OF COLUMBIAN UNIVERSITY, FIFTEENTH AND H STREETS N. W., 
on Friday evenings at 8.15 o'clock. 


Explorations around the Arctic Circle Dr FRANK RUSSELL, 





February 2. 


March 2.—The Geographic Distribution of Seed Plants . Prof. JoHN M. CourrEr, 
Chicago University. 

March 16.—The Roman Forum ; . ‘ i . Prof. MITCHELI, CARROLL, 
Columbian University. 

March 30.—Subject not yet announced ‘ ‘ : ‘ Prof. WM. M. Davis, 


Harvard University. 
* The Dykes of Holland ‘ ‘ ‘ A . GERARD H. MATruHeEs, 
U. S. Geological Survey. 


* The Floods of the Ohio and Mississippi Valleys . H. C. FRANKENFIELD, 
U.S. Weather Bureau. 





* The date to be announced later. 





Harvard University. 
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THE LENTEN COURSE. 


The subject of this course is THE GROWTH OF NATIONS, as illustrated by the geo- 
graphic and social development of leading European nations. This course of six 
lectures has been projected with the view of bringing out the elements of national 
power, and emphasizing the importance of individual character and of natural con- 
ditions in shaping national growth. The course will be complementary to that of last 
season on ‘‘ The Growth of the United States.’’ The lectures will be delivered in 


COLUMBIA THEATER, F STREET NEAR TWELFTH, 
4.20 to 5.30 p. m., on Tuesday afternoons, during March and April. 
March 6.—The Netherlands , ‘ ; ; ‘ Professor J. HOWARD GORE, 


Columbian University. 
(With a General Introduction by the President.) 


March 13.—France ; ; ; ; : : Professor JEAN C. BRACcQ, 
Vassar College. 

March 21.*—Austria-Hungary . : . : . Professor WILLIAM Z. RIPLEY, 
Massachusetts Institute of Technology. 

March 27.—Germany ‘ : ; Professor JOHN LL. EWELL, 
Howard University. 

April 3.—England . : . : : ; . . - Dr. EDWIN D. MEap, 
Editor of the New England Magazine. 

April 10.—Russia ‘ ° F , Professor EDWIN A. GROSVENOR, 


Almbherst College. 


* Prof. Ripley’s lecture on Austria-Hungary will be delivered on Wednesday, March 21, at the usual 


hour. 





SUBSCRIBE AT ONCE 


AND TAKE.... 
ADVANTAGE OF THIS 


UNPRECEDENTED OFFER 


The CRITIC. The 





Monthly. Memeied. 12 Numbers for the Year, ° $ 2.00 Two 
The N. Y. TIMES SATURDAY REVIEW 
Weekly. 52 Numbers for the Year, . . 1.00 for 








) $2.00 


Persons residing in Greater New York, who accept this offer, will please send 50 cents 
additional to cover cost of postage. 


$ 3.00 


THE CRITIC, now entering on its 20th year, ‘‘main- 
tains,” says Zion’s Herald, ‘its exalted reputation 
as an illustrated literary monthly, presenting the 
best in current literary life and events.” It is alsoa 
record of the best in music, art, and the drama. 
Its portraits and other illustrations are selected 


with taste and care, and are handsomely printed....‘To all new subscribers who remit to us direct we 


will, for a limited period, send Tuer Critic and THE 
NeW YORK TIMES Saturday Review of Books and 
Art for $2.00, the price of The Critic alone. Toany 
reader of The New York Times Saturday Review not 
already acquainted with The Critic, a sample copy 
will be sent on application. Address THE CRITIC Co., 


G. P. PUTNAM’S SONS, Publishers, 


27 and 29 W. TWENTY-THIRD STREET, -... NEW YORK. 
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SOUTHERN RAILWAY 


GREATEST SOUTHERN SYSTEM. 
TO ALL POINTS SOUTH, SOUTHEAST, AND SOUTHWEST. 


Through Pullman Drawing Room Sleeping Cars from New 
York and Washington to New Orleans, Memphis, Port 
Tampa, Jacksonville, Augusta, and Intermediate Points— 
First-Class Day Coaches— Dining Car Service. 
Fast Trains for the SOUTH leave Washington Daily at 11.15 A. M., 6.35 
P. M., 9.50 P. M., and 10.45 P. M. 
Through Tourist car on the 10.45 P. M. Train every Monday, Wednesday, 
and Friday for Texas, Arizona, and California points, without change. 
Direct line to the Summer Resorts in Virginia and the Carolinas and the 
Winter Resorts of Florida, Gulf Coast, Texas, Mexico, and California. 
Direct Through Car Line to and from Asheville, Hot Springs, and other 
Western North Carolina points—'' THE LAND OF THE SKY.” 
The ** New York and Florida Limited,” the finest train in the world, leaves Washington 
at 6.35 P. M. daily except Sunday. Solid train to Florida. Dining Car Service. 
For Map Folders, Winter Homes Guide Book, and Book on ‘ASHEVILLE 
AND THEREABOUTS” write to— 
A. S. THWEATT, Eastern Passenger Agent, 271 Broadway, New York, N. Y. 
J. C. HORTON, Passenger Agent, 201 E. Baltimore Street, Baltimcre, Md. 


L. S. BROWN, General Agent, 705 Fifteenth St. N. W., Washington, D.C. 
W. H. DOLL, Passenger Agent, Norfolk, Va. 


S. H. HARDWICK, Assistant General Passenger Agent, Atlanta, Ga 


Cc. A. BENSCOTER, Assistant General Passenger Agent, Chattanooga, Tenn. 
W. H. TAYLOK, Assistant General Passenger Agent, Louisville, Ky. 


J. M. CULP, Traffic Manager. W. A. TURK, General Passenger Agent, 


WASHINGTON, D.C, 


The Mutual Life Insurance Co. 


OF NEW YORK, 
RICHARD A. McCURDY, President, 


Is the Largest Insurance Company in the World. 





The Records of the Insurance Department of the State of New 
York SHOW THAT The Mutual Life 


Has a Larger Premium Income - - - ($39,000,000) 
More Insurance in Force - - - - -  ($918,000,000) 
A Greater Amount of Assets - - . -  ($235,000,000) 
A Larger Annual Interest Income - - - ($9,000,000) 


Writes More New Business~ - - -  ($136,000,000) 
And Pays More to Policy-holders - - ($25,000,000 in 1896) 


THAN ANY OTHER COMPANY. 
It has paid to Policy-holders since | liao $437,005,195.29 


its organization, in 1843, j 
ROBERT A. GRANNISS, Vice-President. 
WALTER R. GILLETTE, General Manager. FREDERIC CROMWELL, Treasurer. 
ISAAC F. LLOYD, Second Vice-President. EMORY McCLINTOCK, Actuary. 


WILLIAM J. EASTON, Secretary. 
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SPECIAL ANNOUNCEMENT. 


The NationaAL GEOGRAPHIC MAGAZINE has a few unbound volumes for 
the years 1896, 1897, and 1898. Each volume contains numerous maps and 
illustrations and much valuable geographic matter. It is impossible to give 
the contents of each volume, but the following subjects show their wide 
range and scope: 


Vol. VII, 1896: Russia in Europe, by the late Hon. Gardiner G. Hubbard; 
The Scope and Value of Arctic Exploration, by Gen. A. W. Greely, U.S.A.; Venezuela, 
Her Government, People, and Boundary, by William E. Curtis; The So-called 
Jeanette Relics, by Wm. H. Dall; Nansen’s Polar Expedition, by Gen. A. W. Greely, 
U.S.A.; The Submarine Cables of the World (with chart 49x30 inches); Seriland, 
by W J McGee and Willard D. Johnson; The Discovery of Glacier Bay, Alaska, by 
E. R. Scidmore; Hydrography in the United States, by F. H. Newell; Africa since 
1888, by the late Hon. Gardiner G. Hubbard; The Seine, The Meuse, and The Moselle, 
by Prof. Wm. M. Davis; The Work of the U.S. Board on Geographic Names, by Henry 
Gannett; A Journey in Ecuador, by W. B. Kerr; Geographic History of the Piedmont 
Plateau, by W J McGee; The Recent Earthquake Wave on the Coast of Japan, by E. R. 
Scidmore; California, by Senator Geo. C. Perkins; The Witwatersrand and the Revolt 
of the Uitlanders, by George F. Becker; The Sage Plains of Oregon, by F. V. Coville. 





Vol. VIIT, 1897: The Gold Coast, Ashanti and Kumassi, by Geo. K. French ; 
Crater Lake, Oregon, by J.S. Diller; Storms and Weather Forecasts, by Willis L. Moore ; 
Rubber Forests of Nicaragua and Sierra Leone, by Gen. A. W. Greely, U.S.A.; A Sum- 
mer Voyage to the Arctic, by G. R. Putnam; A Winter Voyage through the Straits of 
Magellan, by the late Admiral R. W. Meade, U.S.N.; Costa Rica, by Sefior Ricardo 
Villafranca; The National Forest Reserve, by F. H. Newell; The Forests and Deserts of 
Arizona, by B. E. Fernow; Modification of the Great Lakes by Earth Movement, by G. K. 
Gilbert; The Enchanted Mesa, by F. W. Hodge; Patagonia, by J. B. Hatcher; The 
Washington Aqueduct and Cabin John Bridge, by Capt. D. D. Gaillard, U.S.A. 


Vol. IX, 1898: Three Weeks in Hubbard Bay, West Greenland, by Robert 
Stein; The Modern Mississippi Problem, by W J McGee; Dwellings of the Saga-Time 
in Iceland, Greenland, and Vineland, by Cornelia Horsford ; Articles on Alaska, by Gen. 
A. W. Greely, U.S.A., Hamlin Garland, E. R. Scidmore, Prof. Wm. H. Dall, and others ; 
on Cuba, by Robert T. Hill, Frank M. Chapman, John Hyde, and Henry Gannett; on 
the Philippines, by Dean C. Worcester, Col. F. F. Hilder, John Hyde, and Charles E. 
Howe; American Geographic Education, by W J McGee; Origin of the Physical 
Features of the United States, by G. K. Gilbert; Geographic Work of the General 
Government, by Henry Gannett; Papagueria, by W J McGee; The Bitter Root Forest 
Reserve, by R. U. Goode; Lake Chelan, by Henry Gannett; The Geospheres, by W J 
McGee; Sumatra’s West Coast, by D. G. Fairchild; The Five Civilized Tribes in the 
Survey of Indian Territory, by C. H. Fitch; Cloud Scenery of the High Plains, by 
Willard D. Johnson; Atlantic Coast Tides, by M. 8. W. Jefferson. 





Each volume may be had for $2.00. To obtain any of the 
above mentioned articles, send 25 cents in stamps, indicating 
merely the title of the article desired. 





107-108 Corcoran Building, Washington, D. C. 





For an excellent description of the 
TRANSVAAL, of the BOERS and the 
UITLANDERS, send for number 11 of 


volume 7, Nationat Gerocrapuic MaGazine. 


By mail for 25 cents each. 


For the most complete, authoritative, and attractive 
publications on the PHILIPPINES, send for the June, 
1898, and February, 1899, numbers of the Nationa. 
Geocrapuic Macazine, containing numerous maps 


and illustrations. By mail for 25 cents each. 


For a chart of the world, 48 by 30 inches, 
showing all CABLE AND OVERLAND 
TELEGRAPH LINES, and also COAL- 
ING, DOCKING, AND REPAIRING 


STATIONS, with explanatory article, send 


for number 3 of volume 7, Nationa GEoGRAPHIC 


Macazine. By mail for 25 cents. 


JUDD & DETWEILER, PRINTERS, WASHINGTON, D. C, 





